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TABLE 1.— The Effect of Variation in Diet on the Urea Concentration 
of the Blood in Normal Individuals 




Diet 

- 

Data 

Protein, 

Oarboliy- 

Pat, 


Gm. 

drate, Gm. 

Gm. 


Subject Add. 

1/ 17-18 

1/18-19 

1/19/20 

1/20-21 

1/21-22 

x 1/22-23 

1/23-21 

1/21-25 

1/25-2 ft 

1/20/27 

1/27-23 

1/2S-29 

1/29-30 

1/30- 1 

5/ 1- 2 
Subject Mo. 
1/17-18 

4/18-19 

1/19-20 

1/20-21 

1/21-22 

1/21-23 

1/23-21 

1/21-25 

1/25-20 

1/20-27 

1/27-28 

1/23-29 

-4/20-30 

1/30-31 

5/ 1-2 
Subject Bo. 
5/ 2- 3 

5/ 3- 1 

5/ 1- 5 

5/5-8 

5 / 6-7 

5/ 7-8 


Urea in 
Urine 
21 Hours, 
Gm. 


Urea in 
Blood, 
Grams per 
100 O.e. 



0.0168 

0.0169 

0.0228 
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TABLE 3. Concentration of Urea in the Blood of Normal Fasting Adults 
arranged in order qf acending magnitude; duplicate estimations 


No. 
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Blood Concentration ! 
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Subject 

in 100 O.c. 
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. Blood Concentration 
in 100 O.c. 
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Many of the alveoli were seemingly normal in size. The cells were 
high and cuboidal in shape. Their nuclei stained well and the arrange- 
ment of the alveoli was normal. Many of the alveoli were filled with 
colloid material. 

Dog 23 (Fig. 4), a female puppy, which was 6 weeks old when 
operated on, nursed its mother for several days following the operation 
and necropsy was performed 120 days.after the operation. The trans- 
plant in this case was taken from a male puppy of the same litter. The 
surviving islands of thyroid tissue were embedded in areolar connective 



F i g . g, — Same as Figure 5, magnification 230 diameters. 


3s ue, which was well organized with the remainder of the thyroid and 
mnective tissue of the capsule propel. 

Bog 24, a puppy. a g ed 7 

:venth day following operat.cn. The transplant n ^ a , ar?e 

.other puppy of the same litter (Figs. 5 and )• rative changes 
•ea of transplant which showed qui e m ^ ^ ^ trans . 

id invasion of leukocytes and g fairly normal-appearing' 

ant there seemed to be a well-defi ^ #ith colloid 

rroid tissue, which had the typica flattened, but the nuclei 

The cells themselves were somewhat flattened, 
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out removing any of the capsule, and a piece of thyroid 1 by 2 by 4 mm 
from a pup of the same litter had been planted into the capsule 7 whi p 
had been closed without suturing through the transplant. At nJcropsy 
e transplant showed some degenerative changes, some hemorrhagil 
areas, and some lymphoid and leukocytic infiltration, but there were 
many small, isolated areas of thyroid tissue, which, however, had lost 
their alveolar arrangement. There were a few alveoli present in this 
mass which showed a small amount of colloid. The thyroid cells in 
this mass stained perfectly and the nuclei were very distinct. This area 
lay just beneath the suture line. 



pig. 8.— Same as Figure 7, magnification 230 diameters. 


In the other three no such positive result was demonstrable. In two 
: these dogs, Puppies 16 and 17, the transplant was destroyed in see- 
ming the tissues. . , . 

In the tour puppies described which were operated on with tissue 
ken from puppies of the same litter there seemed to be ess destr uc- 
,e reaction between the host and the tissue, transp ante d mi to the 
yroid gland than in the older dogs from different litters ' 
re these transplants survived in a manner similar to that seen m a 
msptnta«on, P but with much smaiier islands of living tissue. The 
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look in the sections as if they supported the tumor on either side of its ventral 
aspect; between these tracts the tumor protrudes, the tuber cinereum, normally 
situated here, having been destroyed. In this region, according to Professors 
Ophuls and Rusk, it is probable that the tumor originated, haying sprung 
from one side of the infundibulum. In Figure 4, in a plane a little farther 
backward, the optic tracts are seen to have diverged sufficiently to leave the 
growth; the remnants of the tuber, through which the tumor has forced its 
way, seem to dangle at either side. The distention of the third ventricle, and 
the complete separation of the hemispheres at the base are conspicuous at this 



Fig. 1. — Tumor in the space between the two hemispheres, near the base 
of the frontal lobes. 



Fig. 2. — The tumor is seen to occupy the whole space between the anterior 
commissure above and the optic nerves below, the latter just joining to form 
the chiasm. The growth is in intimate connection with the dorsal surface of 
the united optic nerves. 

level. The lenticular nuclei, the internal capsules, the descending pillars of 
the fornix, the structures of the optic thalami, the gray lining of the ventricle 
laterally to the tumor, appear pushed aside without having suffered visible 
damage. The section reproduced in Figure 5 passes just anteriorly to the 
pons, some of the pontile tissue being included on one side, and shows the 
tumor occupying the interpeduncular space. The pale structures situated on 
either side between the tumor and the peduncle are the corpora mamillaria, 
elongated, flattened and widely separated by the intervening growth; a thin 
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THE CLINICAL .VALUE OF AMBARD’S COEFFICIENT 

OF UREA EXCRETION * 

D. SCLATER LEWIS, M.D. 

BALTIMORE 

Iri the study of , any metabolic process account has to be taken of 
the excretion of waste products, the food intake, and also the various 
changes which this food undergoes in the body before the end-products 
are ready for excretion. The last constitutes the intermediary metabo- 
lism, of which our knowledge is still very imperfect. If any one of 
these groups of processes is studied to the exclusion of the others, very 
erroneous ideas regarding the metabolism- will be obtained. Likewise, 
in the study of renal function chemital observations of any one of 
these processes (nitrogen intake or output, or retention of waste 
nitrogen) will fail to give accurate information unless something is 
known of the other metabolic factors. Little value can be attached to 
the finer changes in the level of the blood urea, or total nonprotein 
nitrogen, as a gage of renal function, unless the protein intake is 
known. Widal 1 suggested this precaution several years ago, but 
reference to the patient’s diet is of rare occurrence in studies of renal 
function by the tests of retention. The necessity pf such information 
is constantly increasing because of the popularity of low protein diets 
in the' treatment of the azotemic type of nephritis. With the diet 
devised by Mosenthal and Richards 2 reductions of 7 5 per cent, in the 
level of the total nonprotein nitrogen are of frequent occurrence, so 
that values of from 30 to. 35 mg. are not unusual, even in severe 
nephritis. An estimation of the protein intake should be given, there- 
fore, *in every case in which conclusions regarding renal function are 
being drawn from studies of the waste nitrogen of the blood. 

The excretion of various substances in the urine has also been 
used in testing renal function. These tests are of a qualitative and 
quantitative nature. 

* Submitted for publication July 21, 1916. 

*From the Medical Clinic of the Johns Hopkins Hospital, Baltimore. 

1. Widal and Javal: Compt. r.end. Soc. de biol., 1904, 56, 301. 

2. Mosenthal, H. O., and Richards, A. E. : The Archives Int. Med., 1916, 
17 , 329. 
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To make a qualitative test of renal function, a somewhat copious 
diet 2 is given at fixed intervals, and the variation in the volume and 
specific gravity of the, urine is studied in two-hour periods during the 
day. The night voiding is collected in one specimen and studied as 
a whole. The normal reaction to these three meals is a markedly 
variable specific gravity during the day, with an output of from 65 
to 75 per cent, of the water during this period and the excretion of a 
small amount of highly concentrated urine at night. No attention is 
paid to the relative intake and output of nitrogen arid salt, their con- 
centration being the criterion on which a decision is based. These 
test diets give valuable information in the study of renal function in 
nephritis, both in the early and late stages of the disease. 

Ambard 4 has followed the same general principles in his^studies of 
renal function by the determination of the kidney’s maximal concen- 
trating power. He has found a diminution of the maximal concentra- 
tion to be one of the earliest signs of impaired function. With each 
advance in the venal injury there was a corresponding diminution in 
the maximal concentration. 

Siebeck 5 and his associates have also applied the same principles 
in their studies of the concentrating and diluting powers of the kidney. 
Their results confirm Ambard’s findings. 

There is one possible exception to the conclusions stated above. 
In severe anemia, with a marked hydremia of the blood, a low, fixed 
specific gravity is a constant finding. Whether hyposthenuria in such 
cases is of renal origin or a result of the constitutional changes has not 
been decided. A few cases show a decreased phenolsulphonephthalein 
output and an increased coefficient of urea excretion, pointing to 
definite renal involvement. In other cases these changes are absent 
and no direct evidence of kidney insufficiency can be obtained. 

As quantitative tests to determine the reaction of the kidney to 
an overload of the ordinary metabolic products, large amounts of urea, 
sodium chlorid and water are added to a standard diet and the results 
are studied. No attention is paid to the concentrating power of the 
kidney, and all normal requirements are satisfied by the excretion of 
a certain proportion of the added substances within a given time. 

The phenolsulphonephthalein test is the only test dependent on 
the excretion of foreign substances at present in common use. It 
requires no description. 

According to Mosenthal and Richards 2 very little information 

3. Mosenthal, H. O. : < The Archives Int. Med., 1915, 16 , 733. 

4. Ambard, L.: Physiologie normale et pathologique des reins, Paris, 1914, 
p. 9. 

5. Hefter and Siebeck: Deutsch. Arch. f. klin. Med., 1914, 114 , 497. Doll 
and Siebeck: Ibid., 116 , 549. 
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regarding the intermediary metabolism can be obtained from a deter- 
mination of the nitrogen balance. Even in severe nephritis theic is no 
•relation between the amounts of nitrogen retained and the level of 
the waste nitrogen in the blood. The discrepancy between the intake 
and output cannot be regarded as an evidence of renal insufficiency. 
The nitrogen balance cannot be used for the quantitative study os 
renal function. 


An ideal quantitative method, however, would be a direct com- 
parison of the processes of the intermediary metabolism with those of 
excretion, in other words, a comparison of the concentration of the 
waste nitrogen in the blood with its rate of excretion in the urine. 
Under such conditions the unknown factors would be reduced to the 
rate of blood flow through the kidney and the functional activity of 
that organ. Such studies have been made possible by the work of 
Ambard and his associates. 


Lamy and Mayer 0 endeavored to compare the concentration of 
urea in the blood with the rate of excretion in the urine. They did not 
recognize the importance of the rate of blood flow, and consequently 
were not able to find any relation between the two values. Five years 
later Ambard and Moreno 7 announced their laws of renal function. 
They were three in number, and reduced the study of kidney activity 
to a physicochemical basis. The blood urea was regarded as a stimulus 
acting on the renal cells. The rate of excretion of urea was the 
response of the kidney to that stimulus. In their opinion the rate of 
circulation through the kidney was the chief factor governing the con- 
centration of the urine. A dilute urine was a sign of a high rate of 
blood flow, while a diminished blood supply was shown by the increase 
in the concentration of the urine and a consequent diminished output 
of water and of urea. 


The first law dealt with the relation of the rate of output of urea 
to the concentration of urea in the blood. The rate of output was 
found to vary directly with the square of the concentration of urea 
m the blood, if the concentration of urea in the urine remained con- 
stant. In other words, if the quantity of urea in the blood were 
doubled, the amount excreted in a given time would be quadrupled 

According to the second law, the rate of excretion of urea varied 
inversely with the square root of the concentration of urea in the 
urme, if the blood urea remained constant. Under these conditions a 
StS ” 8 co "“ ntotion would result in a halving of the rale 


7 Ma r er ’* j0Ur - de physio1 ' et de Pathol, gen 190'5 7 n o 

7. Ambard, L. ; Compt. rend. Soc. de biol 1910 aq Ju 

and Weill, A.: Jour, de physiol, et de pathoh gen.’ 1912, 32 , ^ Ambard ’ L 
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Recently, Addis and Watanabe 10 have applied Ambard’s laws to the 
results obtained in the studies of urea excretion in normal students. 
They find a very marked discrepancy between the laws of function and 
the results actually obtained. The most serious differences are seen in 
the second law, in which variations of 150 per cent, from the theo- 
retical values are not uncommon. In the application of the first law 
the variations are of a less serious character. They conclude that 
the variations in urea output cannot be explained by the concentration 
of urea in blood and urine. The subjects of these experiments are 
of the same type as those which McLean finds to show the greatest 
variations from normal. 


In the present series of forty' normal hospital patients, it was pos- 
sible to test the validity of Ambard’s laws of function in a number of 
instances. * 

A number of cases had identical concentrations of urea in the blood. 
In these cases, according .to/ Ambard’s 'Second law, the expression 


Rate of output X V Conc. n of urea in. the urine X 
should be a constant in each group of cases. 


70 


Kg - , of body wt. 
The maximum error in 
this law was 47 per cent, but the average error was 20 per cent. This 
was decidedly lower than those reported by Addis and Watanabe. - • 
In the same way, twelve groups of from two to five cases each 
were found having the same concentrations of urea in the urine. 
According to the first law 


Concentration of urea in blood 


„ Rate of output X 

\ Kg. of body wt. 

should be a constant for each group. The adherence to this law of 

function was remarkably good. In very few of the cases did the 

factor show a variation of more than 10 per cent, from a normal 

value. The maximum variation .was 30 per cent., the average in the 

neighborhood of 8 per cent. 

It is evident from the above that the laws of function are followed 
more closely by individuals living under routine conditions than by 
those. living on a more luxurious diet and subject to the strain of 
active life. 

It .has been claimed 10 that the mathematical form of the coefficient 
is the real basis of its constancy and that the laws of function play 
absolutely no role in the attainment of this end. Addis and Watanabe 
claim that Ur is a relatively constant value and that it is the dominant 
factor in keeping the coefficient constant. On the other hand, D and C 
are the factors which are subject to considerable variation. The effects 


10. Addis, T,, and Watanabe, C. K. : Jour. Biol. Chem., 1916, 24, 203. 
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The third law was a combination of the first and second. If the 
concentration of the urea in the blood and urine varied simultaneously, 
then the rate of output would vary directly as the square of the con- 
centration of urea in the blood, and inversely as the square root of 


that in the urine. 

The following formula, used in calculating the coefficient, is derived 
from the third law by the addition of correction factors for the 
patient’s weight and for a standard urinary concentration of 25 gm. 
of urea per liter. 

Ur 


K = 


4 



,70 

Ip 


x 


vc 

V25 



K = coefficient of urea excretion. TV . . - , " : 

Ur— grams of urea per liter of bloocLV , •. ' 

D = output of urea in grams per twenty-four hours. 

P— weight of the patient in kilograms! v . 

C“grams of urea per liter of urine. 

70 “standard weight. - 

25 = standard concentration of urea in the urine. 

All weights and concentrations are compared to the standards of 70 and 25. 


The normal value of the constant is from 0.06 to 0.09. With a 
decreasing kidney efficiency there is a rise in the constant, and with 
an increasing function the coefficient falls. 

The analytical methods used by the French had been so inaccurate 
that this work remained practically unknown in this country until 
McLean and Selling 8 repeated the work, using more accurate methods, 
and found the coefficient to have the same degree of constancy that 
Ambard had found four years previously. 

In a second paper McLean 9 discusses the laws of function some- 
what fully. He concludes that “the excretion of urea and chlorids in 
the normal individual is carried out according to definite laws capable 
of numerical expression.” He finds, however, that in normal, healthy 
adults the laws of function are not followed so closely as by individuals 
living under conditions of ward routine. In the fdrmer he finds a 
tendency to a low concentration of blood urea, and a greater output of 
urea than is justified by the laws of function. In the latter cases, 
the blood urea is uniformly higher and the laws of function are fol- 
lowed more closely. These variations from the laws of function are 
considered merely as signs of the ready response met with in healthy 
young adults, living an active life. The validity of this conclusion is 
strengthened by the fact that variations from the laws of function are 
always in the direction of a hyperfunction of the kidney. 


S. McLean, F. C„ and Selling, L.: Jour. Biol. Chem., 1914, 19 , 31. 
9. McLean, F. C.: Jour. Exper. Med., 1915, 22, 212. 
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Recently, Addis and Watanabe 10 have applied Ambard’s laws to the 
results obtained in the studies of urea excretion in normal students. 
They find a very marked discrepancy between the laws of function and 
the results actually obtained. The most serious differences are seen in 
the second law, in which variations of 150 per cent, from the theo- 
retical values are not uncommon. In the application of the first law 
the variations are of a less serious character. They conclude that 
the variations in urea output cannot be explained by the concentration 
of urea in blood and urine. The subjects of these experiments are 
of the same type as those which McLean finds to show the greatest 
variations from normal. 


In the present series of forty -normal hospital patients, it was pos- 
sible to test the validity of Ambard’s laws of function in a number of 
instances. ••• * - 

A number of cases had identical concentrations of urea in the blood. 
In these cases, according to, Ambard’s "second law, the expression 


Rate of output X V Conc. n of urea in. the urine X 
should be a constant in each group of cases. 


70 


Kg. of body wt. 
The maximum error in 
this law was 47 per cent, but the average error was 20 per cent. This 
was decidedly lower than those reported by Addis and Watanabe. - ■ 
In the same way, twelve groups of from two to five cases each 
were found having the same concentrations of urea in the urine. 
According to the first law 


Concentration of urea in blood 

I 70 

. Rate of output X 

V Kg. of body wt. 

should be a constant for each group. The adherence to this law of 

function was remarkably good. In very few of the cases did the 

factor show a variation of more than 10 per cent, from a normal 

value. The maximum variation was 30 per cent., the average in the 

neighborhood of 8 per cent. 

It is evident from the above that the laws of function are followed 
more closely by . individuals living under routine conditions than by 
those, living on a more luxurious diet and subject to the strain of 
active life. 

It.has been claimed 10 that the mathematical form of the coefficient 
is the real basis of its constancy and that the laws of function play 
absolutely no role in the attainment of this end. Addis and Watanabe 
claim that Ur is a relatively constant value and that it is the dominant 
factor in keeping the coefficient constant. On the other hand, D and C 
are the factors which are subject to considerable variation. The effects 


10. Addis, T., and Watanabe, C. K. : Jour. Biol. Chem., 1916, 24, 203. 
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The third law was a combination of the first and second. If the 
concentration of the urea in the blood and urine varied simultaneously, 
then the rate of output would vary directly as the square of the con- 
centration of urea in the blood, and inversely as the square root of 
that in the urine. 

The following formula, used in calculating- the coefficient, is derived 
from the third law by the addition of correction factors for the 
patient’s weight and for a standard urinary concentration of 25 gm. 
of urea per liter. 

Ur 




VC. 


X-^r 


V 25 



K — coefficient of urea excretion. ... ■ C; 

Ur — grams of urea per liter of blood.';-. . A- J- 

D = output of urea in grams per twenty-four hours. . ' " 

P = weight of the patient in kilograms; *;■ V. \ 

C=grams of urea per liter of urine. ' ■ 

70 = standard weight. ' ' ' .L"- . 

25 = standard concentration of urea in the urine. 

All weights and concentrations are compared to the standards of 70 and 25. 


The normal value of the constant is from 0.06 to 0.09. With a 
decreasing kidney efficiency there is a rise in the constant, and with 
an increasing function the coefficient falls. 

The analytical methods used by the French had been so inaccurate 
that this work remained practically unknown in this country until 
McLean and Selling 8 repeated the work, using more accurate methods, 
and found the coefficient to have the same degree of constancy that 
Arnbard had found four years previously. 

In a second paper McLean” discusses the laws of function some- 
what fully. He concludes that “the excretion of urea and chlorids in 
the normal individual is carried out according to definite laws capable 
of numerical expression.” He finds, however, that in normal, healthy 
adults the laws of function are not followed so closely as by individuals 
living under conditions of ward routine. In the fdrmer he finds a 
tendency to a low concentration of blood urea, and a greater output of 
urea than is justified by the laws of function. In the latter cases, 
the blood urea is uniformly higher and the laws of function are fol- 
low ed more closely. These variations from the laws of function are 
considered merely as signs of the ready response met with in healthy 
) oung adults, living an active life. The validity of this conclusion is 
strengthened by the fact that variations from the laws of function are 
always in the direction of a hyperf unction of the kidney. 


9 VclSH' v c" a T nd Se I linSl L ” Jour. Biol. Chem., 1914, 19, 31. 
. - lcLtan, F. C.. Jour. Exper. Med., 1915, 22, 212. 
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The absolute functional value of the kidney can also be obtained from 

the coefficient by the use of the following equation: 

f Normal coefficient ] 1 . 

' - Functional value of the kidney in terms of normal. 


t Pathologic coefficient J 

If we apply this formula to the first case, 


0.07 

0.14 


0.25, that is, 


L * ‘ J 

the functional capacity of the kidney is reduced to one fourth 
of the normal value. This corresponds to the theoretical diminution 
in the rate of output. The same applies to the second case. 

— ^ =011 or one ninth of the normal value. 

0.21 J 

McLean’s index 3 is based on this modification of the original 
coefficient. In his opinion the average normal coefficient is 0.08, and 
this is used in the fraction 

'Normal K 
Pathologic Jv 

instead of 0.07. To simplify calculation, the expression 

Ur 


■J 


70 VC 

D X - X __ 
P V25 


is substituted for the pathologic constant, and to avoid the use of 
decimals, the resultant is multiplied by 100. The formu a 

D V' C X 8.96 

L ~~ Wt. X Ur 

is obtained by simplifying the above fraction. 1 is the index of urea 
excretion. The normal value of the index is 100 and the maxima 
range is between 80 and 250. The index expresses the functional 

capacity of the kidney in percentage of noimal. _ 

So much work has been published in the European journals m 
which the original coefficient is quoted, and the normal index shows 
such enormous variations that it seems unnecessary to have added this 
new value. However, the index of urea excretion has been included 

in the tables for purposes of comparison. ^ 

In the present series the total nonprotein nitrogen and the urea 
nitrogen of the blood, and the excretion of phenolsulphonephthalein 
will be compared with the coefficient of urea excretion. 

METHODS 

The concentration of urea in both urine and blood normally shows 
great variations in the course of the day, particularly in relatron to 
meals. This makes it impossible to compare the concentration of 
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of these variations are minimized by the fact that the greater variant 
is present as its fourth root, and the lesser as its square root. While 
their assumption is partly true, the fact remains that the blood urea is 
not always a constant value. In a series of nephritics here presented 
there are instances of enormous variations in the blood urea, without 
any corresponding change in the coefficient of urea excretion. While, 
strictly speaking, the laws of function may be mathematically inaccu- 
rate, and the formula from which the coefficient is calculated may tend 
to hide these inaccuracies, still there is a very definite relationship 
between the concentration of the urea in the blood and in the urine and 
its rate of excretion. Under similar conditions of urine concentration 
the rate of urea excretion is always, greater with a high concentration 
of blood urea than with a low one. Similarly, in the presence of a 
stationary blood urea concentration -the; amounts 'of' urea excreted 
under conditions of polyuria and low urinary concentration are greater 
than when the volume is small and the '’concentration high. 

In .spite of the lack of mathematical, accuracy, the normal coeffi- 
cient of urea excretion falls within comparatively narrow limits. 

Objection has been made to the original form of the coefficient 
because the normal value is not a whole number, and because a 
diminishing renal function causes a rise in the coefficient. Balavoine 
and Onfray 11 have advocated the use of a formula giving the normal 
coefficient a value of 1, and so arranging the equation that a diminution 
in renal function would cause a drop in the constant. Their sugges- 
tion was not well received in France. 

Ambard 12 has suggested a means of calculating the functional 
capacity of a damaged kidney in terms of percentage of the normal. 
For example, if, after the injection of urea, a normal individual pre- 
sents a blood urea of 0.7 gm. per liter, his rate of output should be 
100 gm. per twenty-four hours, at the standard concentration of 25 per 
1,000. This gives a coefficient of 0.07. If a nephritic with a similar 
concentration of blood urea excretes only 25 gm. at the standard con- 
. centration, his rate of output is reduced to a quarter of the normal. 
His coefficient under these conditions would be 0.14, because 


K = 


Blood urea 


0.7 


= 0.14 


V Rate of output V 25 

Again, if the rate of output were reduced to one-ninth the normal, 
or 11.11 gm., the coefficient would be 

0.7 - 

= 0 . 21 . 


V 11.11 


11. Balavoine and Onfray: Presse med., 1912, 21, 786. 

^ m bard: Physiologic normale et pathologique des reins, Paris, 1914, 
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The solution of the equation gives the value of K, which is the 
coefficient of urea excretion. 15 

In determining the total nonprotein nitrogen of the blood Folin’s 10 
method of precipitation and digestion was used. A combination of 
heat and aeration was employed in removing the ammonia from the 
digestion mixture. 

In making the phenolsulphonephthalein test Rowntree and 
Geraghty’s 17 technic was followed in the determination of the rate of 
excretion. The two-hour output was recorded, as no marked signifi- 
cance could be attached to the hourly excretions. In cases with marked 
edema the dye was injected intravenously and the amount excreted in 
the first hour was recorded. 

TYPES OF, "CASES STUDIED 

The series contains a considerable number of individuals with no 
cardiorenal changes, mostly;-hospital patients. Cases of fever, hyper- 
thyroidism and myxedema’ are included. Cardiac cases are presented 
in the stage of decompensation, and also when well compensated. The 
group of nephritics contains examples of all the usual types of 
nephritis, both acute and chronic. There are cases of mercury bichlorid 
and salvarsan poisoning, and also three cases of polycystic kidney-: 

NORMAL CASES 

With few exceptions, the cases presented in this group are ward 
patients in whom the cardiorenal system is normal on routine examina- 
tion. All persons convalescing from acute infections, diabetics with 
severe acidosis, and cases of hyperthyroidism are excluded, even 
though the urine be free, of albumin and casts. 18 

Ambard gives 0.07 as the normal value of the coefficient, with 
normal range of from 0.06 to 0.08. In a series of 107 determinations, 
McLean finds the maximum normal range of the coefficient to be from 
0.05 to 0.09 (index 235-80). He considers any coefficient above 0.09 
(index below 80) distinctly abnormal, unless the reduced rate of urea 
excretion can be accounted for: An insufficient water intake is a 
possible cause of increased values of the coefficient in quite normal 

15. The use of an ordinary 10-inch slide rule greatly facilitates the calcu- 
lation, reducing the whole operation to approximately sixty seconds. McLean 
(Footnote 9) has devised a special slide rule for the determination of his 
index, but this is unnecessary in the calculation of the original coefficient. 

16. Folin, O., and Denis, W. : Jour. Biol. Chem., 1912, 11 , 527. 

17. Rowntree, L. G., and Geraghty, T. : The Archives Int. Med., 1912, 10 , 284. 

18. It has been found that many of these cases do not have a normal renal 
function. The phenolsulphonephthalein excretion is increased, and the rate 
of urea, excretion is much greater than is justified by the concentration of 
urea in the blood. 
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blood urea at any one time with the daily output of urea. Ambard 
avoided this difficulty by studying the renal activity over a compara- 
tively short period, the time chosen being as remote as possible from 
a meal rich in protein. The majority of our studies were made two 
to three hours after breakfast. The amount of urea excreted in the 
test interval, calculated for a twenty-four-hour period, therefore, 
represents the quantity of urea which would be eliminated in a day, 
provided the concentration of the urea in the blood and urine remained 
constant during the whole twenty-four hours. The latter is a condition 
impossible of attainment under any circumstances. 

Theoretically, the shorter the period of observation, the more 
accurate should be the results. In the wards of a general hospital, 
however, it is impossible to depend on the absolute punctuality with 
which specimens are obtained. To lessen the effect of this error, a 
longer period has been used than that suggested by Ambard and 
McLean. 

Half an hour before the first voiding, the patient is given 200 c.c. 
of water. This insures a free diuresis during the test period, and 
facilitates the prompt collection of specimens. The first specimen of 
urine is discarded. Exactly two hours after the first voiding, the 
patient again empties the bladder. The second specimen represents 
the amount of urine secreted during the period of observation. It is 
measured carefully to within 1 c.c. and is used for analysis. Midway 
between the voidings 10 c.c. of blood are drawn into a tube which con- 
tains a drop of saturated potassium oxalate solution to prevent clotting. 
The concentration of urea in this specimen represents the average level 
of the blood urea during the test period. 

The urea in the blood and urine may be determined accurately by 
Marshall’s urease methods. 13 The procedures are simple and rapid. 
Duplicate determinations are unnecessary after one has become 
familiar with the technic. 14 

From the results of the foregoing analyses the twenty-four-hour 
output of urea ( D ) is calculated. The concentration of the urea in 
the blood (Ur) and in the urine ( C ) and also the patient’s weight in . 
kilograms ( P ) are substituted in the formula 

Ur 


K = 




VC 

V25 


13. Marshall, E. K. : Jour. Biol. Chem., 1913, 14 , 283 ; ibid., 15 , 487. 

14. Urease-Dunning tablets have been used exclusively. Two 25-mg. tablets 
were found sufficient to digest 5 c.c. of urine in three hours at 37 C., while 
the urea in 5 c.c. of blood was completely decomposed by three tablets in 
thirty minutes at 37 C. Each batch of enzyme should be tested for preformed 
ammonia and a suitable correction applied, if necessary. 
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persons. These effects of dehydration are guarded against by the 
ingestion of water before the test period. The findings in our series 
of forty normal persons are given in Table 1. They are arranged in 
the order of increasing coefficients. The concentration of blood urea 
is given in every case, and the phenolsulphonephthalein output is 
included whenever the figures are available. 

The coefficients vary from the minimum of 0.05o to a maximum 
of 0.092, with an average value of 0.074. This is somewhat lower than 
the average normal (0.08) given by McLean. 

Of the forty cases, twenty-two, or 56 per cent., had coefficients 
between 0.065 and 0.0S5, while S2.5 per cent, had values between 
0.06 and 0.09. 

Normal values of blood urea have been found to vary between 
narrow limits. Folin and Denis 10 give the normal variation as from 
11 to 14 mg. of urea nitrogen per 100 c.c. However, when clinical 
material without renal involvement is studied, the results are found to 
be much higher. According to Folin and Denis, 10 the usual range in 
such persons is from 10 to 26 mg. per 100 c.c. 

In the present series the blood urea nitrogen varies from 7 to 
23 mg. per 100 c.c., with an average of 14.4 mg. Of the forty cases, 
less than 50 per cent, have a concentration of urea nitrogen between 
10 and 15 mg., and fully 40 per cent, have a concentration above 
15 mg. While relatively few normals present concentrations above the 
upper normal limit of 25 mg. per 100 c.c. suggested by Rowntree and 
Marshall, 20 still the urea nitrogen approaches this limit in a great 
number of persons. McLean has found that the laws of function 
are followed much more closely in cases with a blood urea nitrogen 
above 14 mg. than in those having a lower concentration of urea in 
the blood. 


Reference to Table 1 will show the entire absence of relationship 
between the level of the coefficient and that of the blood urea. In 
many cases the higher values of blood urea are associated with very 
low coefficients, and vice versa. (In Case 4, U-N ==• ?0 m? K — O • 

k - om? 8 fi T /f 7 °- 07S; in &se 25 < = 20 T s : 

f * 2 These / ndln g s ^finite proof that the level of Ur 
is not the dominant factor in the formula 


. ' v y ^ 

\ D x - X 

P 25 

It is evident that the effects of the variations in Ur are adermnt.l 
^corr^onding variations in the rate of output The Srow [i "h s 

19. Folin, O., and Denis, W.: Jour. Biol. Chem ion 1 a 90 

20. Rowntree, L. G„ and MarshaU, E. K, Tri’S ft WR 
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TABLE 1. — Normal Cases 


Case 

Number 

Medical 
i Number 

i 

i 

..Urea N 
’Mg. per 
100 O.e. 
Blood 

Coefficient 

Index 

’Phthal- 

ein 

Output, 

%2hr. 

Diagnosis 

301 


9 

0.053 

228 

55 

Psychoneurosis 

302 

H. G. 

12 

| 0.054 

220 

.. 


303 



14 

i 0.056 

204 

.. 

Primary anemia 

304 

34128 

20 

0.058 

190 

.. 


305 

34365 

* 

1 10 

1 0.062 

167 

62 

Psychoneurosis 

306 

D. S. L. 

• 13 

0.062 

167 

60 


307 

D. S. 1/. 

1 10 

0.066 

147 



308 

D. S. I/- 

7 

0.058 

190 

.. f 


300 

34717 

16 

1 0.063 

161 

.. 

Primary anemia 

310 

34331 

14 

0.064 

156 

57 

Cerebral arteriosclerosis 

312 

35118 

10 

0.067 

143 

56 

Neurasthenia 

314 

34680 | 

14 i 

0.072 

124 

66 


315 

33714 

- 

0.072 

124 

76 

Syphilis, tertiary 

310 

33629 

17 

0.073 

120 

•• 

Primary anemia 

317 

33692 

16 

0.074 

117 

60 

Gastroptosis 

319 

34967 

19 

0.075 

114 

65 

Diabetes mellitus 

320 

35011 

11 

0.076 

111 

47 

Colloid goiter 

321 

33986 

16 

i 

0.077 

108 

67 

Multiple sclerosis 

322 

346S8 

14 

0.077 

108 

•• 

Syphilis 

323 

34817 

i 11 

0.077 

103 


Primary anemia 

325 

34716 

20 

0.078 

105 

•• 


326 

34634 

! 13 

0.079 

102 

50 

Neurasthenia 

327 

35097 

! 18 

0.079 

102 

60 

Syphilis, tertiary 

329 

34674 

23 

0.031 

97 

66 


330 

35102 

14 

0.082 

95 

51 

Obesity 

332 

34915 

1 11 

0.082 

95 

57 

Pyloric stenosis 

333 

35315 

13 

0.083 

93 

65 

Neurasthenia 

335 


( 

16 

0.035 

89 

60 

Chronic appendicitis 

336 


io ! 

0.087 

85 

67 


337 

34195 

17 

0.037 

85 

55 

General paresis 

339 , 

34709 

17 

0.092 

76 

55 

Intestinal parasitism 

340 ' 

34657 

2° 

0.092 

76 

79 

Psychoneurosis 
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process. Achatd and Leblanc- 1 have presented a short series with low 
coefficient in- which are included several cases of fever. They con- 
sidered the relative increase in the rate of excretion to be a part of 
the general loss of central control seen in hyperpyrexia. 

A considerable variety of cases has been observed, including pneu 
monia, typhoid fever, acute rheumatic fever, malaiia, tuberculosis, 
pylephlebitis and acute gout. Observations have been made during 
both fever and convalescence, and also during intermissions in the 
fever. 

In a majority of cases there was no oliguria; the albumin varied 
from a heavy cloud to a faint trace, and was completely absent at 
times. Casts were not constantly present. There was no obvious, 
relationship between the presence or absence of albuminuria and 
cylindruria and the -level of the coefficient. 

In Table 2 the various cases are grpuped according to the diagnosis, 
and the arrangement of the subgroups is in the order of ascending 
coefficients. V 

The maximum range of the coefficient 23 lies between 0.116 and 
0.032, with an average value of 0.051. This is 31., per cent, lower than 
the average normal coefficient. The coefficient is below 0.06 in 77 per 
cent, of the cases, and in '55 per cent, is .below 0.05, while in the 
normals no constant was lower than 0.0537 These low values' of the 
coefficient are not due to an excessive lowering of the blood urea. 
The average is 12.7 mg. urea nitrogen per 100 c.c., as compared with 
the normal of 14.4 mg. . 

The chief point of interest is that with a slightly lowered blood 
urea there is associated an enormous increase in the rate of output of 
urea. This is not associated with a marked change in any one of the 
functions of the kidney. It is not the result of a polyuria, or of any 
marked increase in the concentrating power ; sometimes one condition 
is present, sometimes the other. While the average rate of urea 
excretion for a blood urea of 0.308 gm. per liter is 17.2 gm. per twenty- 
four hours, the average in fever for a similar concentration is 36.4 gm 
an increase of more than 100 per cent (Table 3). This cannot be 
regarded as an evidence of hyperpermeability of the renal epithelium. 
Any kidney capable of raising the concentration of urinary urea to a 
level 80 times that in the blood can scarcely be called a hyperpermeable 

organ. The increased rate of output indicates an increased functional 
activity of the kidney. 


24. Achard and Leblanc: Presse med„ 1914 22. W 

25. The highest coefficient (0.116, Case 414’) was 

It is probable that cardiac failure was largely responsible 11 for^thi ^ C - 3 
kidney funcbon. Cloudy swelling was the only change at neeropsy ^ 
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of the normal coefficient (from 0.06 to 0.09) show that' while the laws 
may not be mathematically exact, still they are at least correct in 
principle. 

According to the originators of the phenolsulphonephthalein test, 
normal persons should excrete from 50 per cent, to 75 per cent, of the 
dye in two hours. The phenolsulphonephthalein excretion is given in 
twenty-eight of the forty normals. Two persons failed to excrete 
50 per cent, or over, but in both instances the output (47 per cent.) 
was extremely close to that figure. The output ranged from 47 per 
cent, to 79 per cent, with an average of 60.2 per cent. There was no 
absolute relationship between the rate of output and the level of the 
■ coefficient, the high and low excretions of the dye being spread irregu- 
larly throughout the group. In every instance, however, the values of 
both phenolsulphonephthalein and coefficient are within normal limits. 

Cases Having a Low Coefficient . — It has been; shown that in normal 
individuals, errors of from 10 to 20 per cent, in: the first law of func- 
tion are to be expected.- Tf, however, in certain groups of cases varia- 
tions of from 50 to 200 percent, are of frequent occurrence, and are 
always in the same direction, one would be justified in assuming that 
the underlying cause, must be some change in renal function. 

Four groups of cases have been observed in the present series, 
which show consistently low coefficients of urea excretion. They are 
(1) the- various fevers, (2) cases of hyperthyroidism, (3) cases of 
primary hypertensive cardiovascular disease, and (4) cases of early 
chronic diffuse nephritis, with varying grades of edema and salt reten- 
tion. In general, they show a normal or somewhat low concentration 
of urea in the blood, a high rate of urea excretion, a variable concen- 
tration of urea in the urine, and a high phenolsulphonephthalein 
output. 

Cases of Fever: .Variations of renal function during fever are not 
unknown. Schlayer 21 mentions fever as one of the extrarenal factors 
capable' of changing renal function. Ambard and Hallion 22 have 
shown experimentally that the rate of excretion of urea is depressed 
by lowering the temperature of curarized dogs, without any a.ccom- 
panying change in the level of the blood urea. This fall in output 
amounted to 12 per cent, for each degree of change, Riste and 
Kindberg 23 showed a definite lowering of the coefficient in early 
amyloid disease. They believed this depression was due to the early 
amyloid changes in the kidney, but, in all probability, a large part of 
the change was caused by the fever associated with the tuberculous 

21. Schlayer: Beihefte z. med. Klin., 1912, 8, 211. 

22. Ambard and Hallion: Compt. rend. Soc. de biol., 1912, 72, 931. 

23. Riste, Leon, and Kindberg, K. : Jour, d’urol. med. et chir., 1913, 3, 561. 




TABLE 2. — Fever and Convalescence 






















17 


LEWIS— -AM BARD’S COEFFICIENT 

Associated with this improved nitrogen excretion, there is a well- 
marked increase in the phenolsulphonephthalein excretion, the average 
for two hours- being 70.5 per cent., compared with a normal of 
60.2 per cent. 'A 

The cause ofhthis disturbed condition of renal function must be 
common to all fevers, as there is a complete agreement of the results 
m all cases. The only features in common are increased temperature 
and the presence of a toxemia. 

The effect of heat on the rate of metabolism has been thoroughly 
studied. Pfliiger 20 found that heating curarized animals caused an 
increase in the rate of gas exchanges of approximately 10 per cent, fof 
each degree (C.) of rise. Linser and Schmid 27 found increases in the 
neighborhood of 13' per cent, for each degree of rise, while Voit 23 
confirmed these findings by studies on the nitrogen excretion under 
similar conditions. 


TABLE 3. — Average Values of Urea Excretion in a' Group Comprising 
Hyperthyroidism, Myxedema and Colloid Goiter 


Description 

Gm. Urea 
per Liter 
Blood, 
Ur 

Urea N, 
Mg. per 
100 O.c. 
Blood 

Corrected 
Rate of 
Output 
for 24 Hr. 
70 VC 

Dx-x 

H V£B 

- - 6” r ~ 
Rate" of 
Output 
Calcu- 
lated for 
Ur=O.308 

Coeffi- 

cient 

Index 

’Bhthal- 

ein 

Output, 
2 Hr. 

Nonna] 

O.S08 

14.3 

17.2 

17.2 

0.074, 

116 

60.2 

Fever 

0.272 

12.7 

28.5 

36.4 

0.051 

246 

70.5 

Convalescent 

0.238 

11.1 

13.4 

22.5 

0.065 

152 

63.2 

Hyperthyroid 

0.233 

10.9 

: 19.4 

33.8 

0.053 

228 ' 

71.8 

Hypertension 

0.22 

10.3 

• 17 

33.2 

0.053 

224 

65.7 

Chronic diffuse nephritis. 

0.21 

9.8 

. , 13.6 

29.2 - 

0.057 

197 

68.2 


In moderate grades of fever, however, the nitrogen excretion fre- 
quently increases from 100 to 150 per cent., in spite of a low nitrogen 
intake. This excessive rise has been regarded as an evidence of the 
toxic destruction of body protein. 

Applying these considerations to renal function, we should expect 
the cells to share in the generally increased metabolism due to hyper- 
thermia, and the rate of output of urea to increase from 10 to 
13 per cent, for each degree of fever. 

In these cases, however, the rate of output is frequently doubled, 
while a simple hyperthermia of 3 degrees (C.) would only account 

26. Pfliiger : Arch. f. d. ges. Physiol., 1878, 18 , 303, 356. 

27. Linser, P., and Schmid, J. : Arch. f. klin. Med., 1904, 79, 514. 

28. Voit: Sitzungsberichte der Gesellschaft fiir Morphologie u. Physiologie, 
1895, 2 , 120, quoted by Lusk: Science of Nutrition, 1909, p. 313. 
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permanent damage and present in a more or less typical form the 
functional picture seen in early chronic diffuse nephritis (Group 4). 

Cases of Hyperthyroidism: The same marked increase in general 
metabolism is seen also in exophthalmic goiter. Indeed, Magnus-Levy 31 
reports increases in oxygen consumption of from 50 to 70 per cent, 
over normal figures. Friedrich Muller 32 reports a patient weighing 
29 kg., with exophthalmic goiter, who lost weight on a diet containing 
68 gm. of protein and 58 calories per kilogram. This points to a 
greatly increased destruction of protein and fat. The nitrogen excre- 
tion frequently rises to very high levels. At times this can be referred 
to superalimentation, but there is frequently a large negative nitrogen 
balance. This marked increase in metabolism has been attributed to 
the tremor present in exophthalmic patients ; but calorimetric deter- 
minations during sleep have shown that there is no diminution in 
heat production when there is complete absence of tremor. 31 

With a view to estimating the extent to which the kidney par- 
ticipated in this accelerated metabolism, the coefficient of urea excre- 
tion was determined in a number of cases of hyperthyroidism. ^At the 
same time two cases of myxedema were studied and one ; case of 
colloid goiter. The results are presented in Table 4, and the average 
values for the group are to be found in Table 3. The cases were out- 
spoken instances of toxic goiter, with varying grades of exophthalmos 
and tachycardia. In no case was the temperature above 99.5, conse- 
quently hyperthermia could not be accepted as an explanation of the 
findings. A majority of the cases showed tremor, emotional dis- 
turbances and loss of weight. Three cases (Gases 459, 461 and 462) 
showed varying grades of myocardial insufficiency, with chronic pas- 
sive congestion. 

In this series of twelve cases the minimum coefficient is 0.024 
(McLean’s index 1110), and the maximum 0.079. The average of the 
19 determinations is 0.053. The highest coefficient among the cases 
with outspoken hyperthyroidism, and without cardiac insufficiency, is 
0.058. The average blood urea is distinctly lower, in this group than 
in normal cases, but the blood urea and coefficient are absolutely 
independent of each other. Case 460 shows a blood urea nitrogen of 
7 mg. and a coefficient of 0.067, while in Case 450 a blood urea nitro- 
gen of 9 mg. is associated with one of 0.024. Again, Case 461, with 
a blood urea nitrogen of 13 mg., has a coefficient of 0.047. The con- 
sistently low coefficients cannot be related, therefore, to this slight 
depression of the blood urea, but it is quite possible that the relatively 

31. Magnus-Levy and von Noorden: Metabolism and Practical Medicine, 
English translation, 1907, p. 995. 

32. Muller, F. : Deutsch. Arch. f. klin. Med., 1893, 51, 335, 361. 
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for a rise of 30 per cent. Again, if the increased rate of excretion 
were due entirely to an overheating of the cells, the rate of output 
should vary directly with the temperature. Observations on cases of 
pneumonia at the time of crisis, and of septicemia with intermittent 
fever show that there is no mathematical relation between the height 
of the fever and the rate of excretion. The very moderate changes 
caused by the hyperthermia are overshadowed, completely by some 
other factor. 

The toxins must be regarded, then, as. the more important etiologic 
agents in this increased rate of excretion. It is known that they 
increase the rate of protein destruction to a marked degree, that is, 
they stimulate the processes of catabolism. The kidneys also share in 
this stimulation, and this remarkable increase in the rate of function 
is the result. This stimulation can go on to outspoken injury of the 
cell with the production of an acute toxic nephritis. In these cases 
there is a marked oliguria, with retention of nitrogen- and elevation of 
the coefficient, showing a serious temporary kidney insufficiency. The 
damage in this instance is due to a destructive action of the toxins, 
rather than the milder changes which cause irritation only. 

The most constant pathologic finding in fever is a cloudy swelling 
of the organs. Virchow 29 suggests that in some stages, at least, cloudy 
swelling may be an evidence of hyperactivity and hypernutrition of 
the cell, rather than of actual degeneration. Schilling’s 30 work sup- 
ports this view. The hyperactivity of the febrile kidney; shown by 
the above functional studies, would seem to agree with Virchow’s 
suggestion. 

All the determinations in the group were made after the tempera- 
ture had been normal for at least four days. 

The averages of the coefficient and phenolsulphonephthalein output 
show a marked return to normal. Their values are 0.065 and 63 per- 
cent., compared with febrile averages of 0.051 and 70.5 per cent. In 
spite of this rise, there is a marked fall in the average blood urea, but 
this is offset by a still greater fall in the rate of output. These findings 
coincide closely with the accepted ideas of metabolism in convalescence. 
There is an increase in the anabolic activities, the tissues throw, less 
waste nitrogen into the blood, and the output of urea diminishes. 

While the above considerations apply to - a majority of the cases, 
there are some coefficients which do not return to normal. A few of 
these cases show casts, a persistent trace of albumin, and a high rate 
of phenolsulphonephthalein excretion. These kidneys have suffered 

29. Virchow : Reizung u. Reizbarkeit, 1858, 14 , quoted in Ziegler's Lehr- 
buch der allegemeinsh Pathologie, Jena, 1901, p. 206. 

30. Schilling: Virchows Arch. f. path. Anat., 1894, 135, 470. 



LEWIS— AM BARD’S COEFFICIENT 


21 


Partial strumectomy, or ligation of vessels, has been done on three 
of these patients (Cases 454, 457 and 461). One left the hospital 
unimproved. One (Case 457) showed a distinct increase in glucose 
tolerance, and some clinical improvement, as evidenced by a gain in 
weight, but practically no change in the coefficient. He was observed 
for only three weeks after operation. The third (Case 461) is still 
in the hospital. She is improving slowly, but so far the coefficient has 
not shown any marked tendency to return to normal. This slow 
return to normal after operative interference suggests the possibility 
that the internal secretion of the thyroid has a definite toxic action- 
resulting in irritation of the kidney tissues. The circumstance that 1 
hypertension may develop in thyroid disease 33 also makes it possible 
that changes have occurred in the smaller vessels throughout the 
body and that the vascular system of the kidney has suffered at the 
same time. There is a noteworthy similarity between the above func- 
tional findings and those in primary hypertensive vascular disease. 

In colloid goiter there is absolutely no change from normal, either 
in the coefficient or in the phenolsulphonephthalein output. 

The findings in two cases of myxedema were particularly interest- 
ing. Schwartz and McGill 34 noted a somewhat low concentration of 
blood urea in a case of myxedema. Two cases in the present studies 
showed normal concentrations of blood urea (12 and 14 mg. U-N ). In 
one case the coefficient was 0.097 and in the other 0.125, while there 
was a low normal excretion of phenolsulphonephthalein. Both cases 
showed a marked clinical improvement following the administration of 
thyroid extract. The blood urea increased .to a moderate degree and 
there was a distinct lowering of the coefficient. 

Marshall and Davis 35 have shown that- removal of the suprarenals 
produces a marked impairment of renal function, as measured by the 
level of blood urea and the phenolsulphonephthalein excretion. This 
impairment is not due to any failure of circulation, and is undoubtedly 
caused by the removal of the internal secretion of the glands. The 
above clinical findings are in close accord with their experimental 
results, and furnish additional proof of the widespread activities of 
the glands of internal secretion as regulators of metabolism. 

Brimary Hypertensive Cardiovascular Disease: 30 There were ten 

cases in this group. All had a systolic pressure above 160 mm. of 

mercury. In almost every instance the patients complained of some 

manifestation of the increased blood pressure, such as headaches, 

transient attacks of vertigo, mild signs of cardiac embarrassment, or 

/ 

33. Janeway, T. C. : Bull. Johns Hopkins Hosp., 1915, 26, 341. 

34. Schwartz and McGill: The Archives Int. Med., 1916, 17 , 42. 

35. Marshall and Davis: Personal communication to the author. 

36. Janeway, T. C. : The Archives Ixt. Med., 1913? 12 , 755. 
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low blood urea may be the result of the increased rate of excretion 
of urea. 

All these cases show a high phenolsulphonephthalein output, the 
average excretion being 71.8 per cent, in two hours. This is 11.6 per 
cent, higher than the normal average. 


TABLE 4. — Hyperthyroidism 


Date 

Case 

No. 

Medical 

No. 

Gm. 

Orea 

per 

Liter of 
Urine, 0 

Corrected 
Bate of 
Output 
per 24 Hr. 
70 VC 

Gm. 
Urea 
per Li ter 
i Blood, 

Urea 
Nitrogen, 
M g. per 
100 O.c. 
Blood 

, Coeffi- 
cient 

Index 

’Phthal- 

ein 

Output, 

2 Hr. 





ur 





450 

451 

452 





9 

0.024 

0.036 

0.041 

1,110 

491 

72 




* 


8 

75 


35150 

12.3 

21.9 

0.193 

9 

3S1 

12/19/15 

1/22/16 

12/18/15 

453 


5.2 

13 

21.3 

24.4 

0.171 

0.235 

0.234 

8 

0.047 

290 

78 


12.4 

10.7 

11 

0.051 

246 

89 

454 

S. 38841 

11 

0.047 

290 

SO 

12/19/15 

1/22/16 



6.5 

18.9 

0.257 

0.257 

12 

0.058 

190 




12.4 i 

.... i 

22.4 

12 

0.054 

220 

1 

52 

455 | 

456 

1 457 


9 

0.053 

228 

64 






11 

0.053 

; j 

I 228 ] 

72 

1/21/16 

' S. 38946 

I 

; 22.5 

22.5 

0.257 

12 

0.054 

220 


2/16/16 



8.1 

11.7 

0.2 35 

11 

0.058 

190 


458 

S. 382SO 

5.9 . 

9.5 

0.171 

8 

0.055 

211 

73 


459 

460 


9.4 

13. 2 

0.21 

10 

0.057 

197 



S. 38557 

’ 5. ", 

5.1 

0.15 

7 

0.067 

142 


12/13/15 

4C1 


’ 10.4 ; 

• 19.8 

0.321 

15 

0.072 

124 

G4 

1/24/16 

, - . 


15.3 

34.7 

0.278 

13 

0.047 

£90 

71 

3/ 6/16 






14 

0.051 

247 


462 

475 





17 

0.079 

102 



Myxedema 

11/17/15 

12/ 2/15 


19 

7.3 

0.257 

12 

0.097 

68 

J 

55 


23.7 

14.9 

0.3 

14 

0.072 

124 

65 

11/17/15 

476 

34982 

.... 

.... 


15 

0.125 

41 

53 

11/23/15 






22 

0.11 

. 53 

47 











Both these tests show a marked increase in the functional powei 
of the kidney in' the uncomplicated cases. The response of the kidney 
to the stimulus of the blood urea is greater than normal, consequently 
the rate of output is decidedly higher than usual and the coefficient 
is depressed. This increased renal activity is probably a local mani- 
festation of the general acceleration of metabolism caused by the 
hyperactivity of the thyroid gland. 
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are associated with a loss of vasomotor control, and vascular crises 
are the result. The same conditions are present in the arterioles of 
the kidney. There is an increased irritability of the organ, which is 
shown by an exaggerated response to stimuli of all kinds. The 
depression of the coefficient is a means of gaging the intensity of this 
pathologic change. This condition has been described by Schlayer 21 . 
in his various studies of renal function, and the above findings are con- 
firmatory of certain phases of his work. 

The primary stage of irritation is of particular value in explaining 
the outspoken pathologic changes seen in cases of primary contracted 
kidney in which the functional findings have been normal. These 
cases are in the second stage of the disease. . Having gone through the 
initial period of irritation (Fig. 1, A, B , C ), they have returned to an 
apparently normal function (C), although the damage has progressed. 
Any further advance in the pathologic process will be shown promptly 
by functional evidence of renal insufficiency. 



Fig. 1. — State of renal function as shown by progressive renal involvement. 
A, normal; B, increased; C, “pseudo” normal; D, decreased. The heavy hori- 
zontal line indicates the normal level. (After Schlayer.) 

Early Chronic Diffuse Nephritis : Cases of chronic diffuse nephritis 
showing a hyperpermeability to phenolsulphonephthalein have been 
described by Sellards, 38 Pepper and Austin, 39 and Baetjer. 40 There 
were ten similar cases in the present series; a few showed edema at 
the time of observation and all showed a marked interference with 
the excretion of sodium chlorid. The urine was highly albuminous 
(from 3 to 7 per 1,000, Esbach), and casts were frequently present. 
The specific gravity was high. The nonprotein nitrogen of the blood 
was low in the four cases reported by Baetjer. We found the same 
condition in our own series. The blood urea was below normal in 
every case except one. This patient presented an extreme oliguria 
during one stage of his illness, and at this time his blood urea rose to 

38. Sellards, A. W. : Bull. Johns Hopkins Hosp., 1912, 23 , 298. 

39. Pepper and Austin : Am. Jour. Med. Sc., 1913, 145 , 254. 

40. Baetjer, W. : The Archives Ixt. Med., 1913, 11, 593. 
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vague neurasthenic symptoms. They came for consultation purposes, 
so that prolonged observations were not possible. Slight cardiac 
hypertrophy was the only physical finding common to the whole group. 
The output of urine was somewhat increased, traces of albumin were 
present in a majority, but casts were found in less than half the cases. 

One patient (Case 0, Table 5) has been seen at intervals during 
eight months. He has shown marked symptomatic improvement and a 
slight drop in blood pressure, but no change in the urinary picture or 
in the level of the coefficient. 

In these cases the average blood urea nitrogen is 10.3 mg. per 
100 c.c., with a range of from 7 to 20 mg. The level of the blood 
urea is very low in most cases, but in two a high blood urea 
had no effect on the value of the coefficient. Associated with this 


TABLE 5. — Primary Hypertensive Cardiovascular Disease 


Case 

No. 

Medical 

No. 

Gm. 

Urea 

per 

Liter of 
Urine, O 

Corrected 
Rate of 
Output 
per 24 Hr. 
70 VO 

Dx — X 

P V25 

Gm. 
Urea 
per Liter 
Blood, 

Ur 

Urea 
Nitrogen, 
Mg. per 
100 C.c. 
Blood 

Coefficient 

Index 

'Phtbal- 

ein 

Output, 

2 Hr. 

0 

34088 

21.3 

15.1 

0.193 

9 

0.05 

257 




9 

13.1 

0.171 

8 

0.048 

278 


10 


.... 

.... 


9 

0.05 

256 

60 

14 


*"* 

.... 


12 

0.051 

246 

63 

1 

35186 

5.4 • 

14.5 

0.193 

9 

0.051 

246 

70 

5 

35552 

8.2 

14.8 

0.214 

10 

0.055 

212 

5S 

6 


16.2 

. 17.8 

0.235 

11 

0.056 

204 

53 

12 

35239 

' 30.6 

50.9 

0.406 • 

19 

0.057 

197 

58 

7 

35477 

4.9 

6.7 

' 0.15 

7 

0.058 

190 

64 

18 

33777 

11.3 

10.5 

0.193 

9 

0.059 

181 

85 


depressed blood urea is an increased rate of output. For an average 
blood urea nitrogen of 10.3 mg. there is an output of 17 gm. per day, 
or, recalculated for a normal concentration of 14.4 mg., the output is 
33.2 gm. This shows an increase of 100 per cent, over the normal 
response of the kidney to the same concentration of urea in the blood. 
As a result of this increased rate of output, the coefficient shows a 
marked depression, the average value being 0.0535. The phenolsul- 
phonephthalein excretion shares in this increased renal function, the 
average output being 5 or 6 per cent, above the normal average. 

According to Fischer, 37 every case of pure hypertension' shows a 
change in the smaller vessels of the body. These vascular changes 


37. Fischer: Deutsch. Arch. f. klin. Med., 1913, 109, 469. 
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CASES WITH INCREASED COEFFICIENTS OF UREA EXCRETION 

Increased coefficients 

Myocardial insufficiency; variable, with changes in circulatory system 
Nephritis 
Constant 
Variable 

With changes in the clinical picture 
Acute nephritis 
Progressive renal insufficiency 
Effect of myocardial insufficiency 
Without changes in the clinical picture 

Effect of fixation of specific gravity and interference with water 
excretion 
Basal coefficient 

Myocardial Insufficiency .— The patients in this group presented 
some type of pure cardiac disease of a valvular or myocardial nature. 
Cases of nephritis with failing compensation have been excluded. A 
number of the patients were followed from the stage of extreme myo- 
cardial insufficiency through the period of recovery to a complete 
restoration of the circulatory equilibrium. Some did not improve dur- 
ing their stay in the hospital. Twelve died; of these, seven came to 
necropsy. Six of the latter showed typical chronic passive congestion 
of the kidney. One (Case 276) showed a few arteriosclerotic scars of 
the kidney, with a marked chronic passive congestion superadded. 

Tests of Renal Function in Chronic Passive Congestion . — Blood 
Nitrogen: In chronic passive congestion, the chief functional defect 
lies in the inability of the kidney to excrete water and sodium chlorid. 
The concentrating power for nitrogen is rarely interfered with, and 
little evidence of nitrogen retention in the blood is to be expected, 
except in the severe cases. The work of Frothingham and Smillie, 41 
Tileston and Comfort, 42 Rowntree and Fitz, 43 and other observers con- 
firms this assumption. 

The present group, taken as a whole, shows moderate increase in 
the blood urea. The average urea nitrogen is 19.9 mg. per 100 c.c., 
compared with the normal average of 14.4 mg. In moderate chronic 
passive congestion there is no constant change in the level of the blood 
urea, with improvement in the circulatory condition. Indeed, many 
of these cases show a rise in the blood urea following a return of 
cardiac compensation. This is due to the increased protein intake 
during convalescence. 

. In some of the more outspoken cases of myocardial insufficiency 
(Cases 276, 277, 27S and 279) a definite fall in the blood urea accom- 
panies the return of compensation. In no case does this exceed 12 mg. 

41. Frothingham and Smillie: The Archives Ixt. Med., 1914, 14 , 541. 

42. Tileston and Comfort: The Archives Ixt. Med., 1914, 14 , 620. 

43. Rowntree and Fitz: The Archives Ixt. Med., 1913, 11 , 258. 
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triple its former value. The rate of output was reduced in this instance 
to such a degree that the coefficient rose from 0.05 to 0.214. With the 
secretion of a larger volume of urine the coefficient promptly fell to 
its former level. As a rule, however, the rate of output was much 
greater than that normally found with low concentrations of blood 
urea and the coefficient was depressed. The average value for the' ten 
cases was 0.057. The phenolsulphonephthalein output was never below 
56 per cent, and in a majority of cases exceeded 65 per cent. 


TABLE 6. — Early Chronic Nephritis 


Date 

! 

Case 

No. 

Medical 

No. 

Gm. 

Urea 

per 

Liter o£ 
Urine, C 

| 

Corrected. 
Rate of' 
Output 
per 24 Hr. 
70 VC 

Dx— x 

P V-25 

Gm. 
Urea 
per Liter 
Blood, 
Ur 

Urea 
Nitrogen, 
Mg. per 
100 O.c. 
Blood 

1 1 ■ 


’Phth ol- 
ein 

Output, 

2 Hr. 


11 

3-1529 


.... 


10 

.0.052 

237 

69 . 


2 

31369 

29.4 

37.9 

0.321 

15 

0.053 

227 

65 


3 


7.11 

18.9 

0.235 

n 

0.054 

220 

78 

1/ 7/16 

8 

35138 

4.6 

12.3 

0.193 

i 9 

0.055 

212 | 

71 

1/17/16 

... 


4.6 

6.3 

0.15 

7 

0.059 

184 


1/18/16 

. ••• 


14.7 

14.5- 

0.193 

9 

0.051 

246 

67 

1/19/16 

... 


' 3.2 

8.9 

0.15 

7 

0.05 

256 



1 

35443 

19.6 

21.8 

0.257 

12 

0.055 

212 

56 



34079 

.... 



8 

0.058 

190 

69 


9 

33745 

7.3 

6.2 

0.171 

3 

0.068 

138 

70 


11 

34529 

8.9 

9.3 

0.257 

12 

0.07 

130 

69 


In these cases the early inflammatory process has caused a cellular 
irritation, which is again made evident by an increased response to 
stimulation. These cases also go through a second stage, in which the 
usual functional tests are normal, and a later stage, in which the 
damage is so marked that the functional tests show progressive impair- 
ment of renal function. 

The last two groups of cases are presented to emphasize the fact 
that irritation is the earliest sign of renal disease, no matter whether 
the process be of the vascular or of the diffuse type, and it should be 
remembered that increased function is one of the first evidences of 
this irritation. An excessively low blood urea in the presence of a 
normal protein intake, a coefficient persistently below 0.055, or a 
phenolsulphonephthalein output of more than 70 per cent, should be 
regarded, therefore, with suspicion, as being possible indications of 
an early stage of renal damage. 









TABLE 7. — Myocardial Insufficiency 
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Practically every case in which serial determinations were done 
showed the same relation between the coefficient and the degree of 
myocardial insufficiency present. In a majority of cases the coefficient 
shows no relation whatever to the level of the blood urea, indeed a 
lowering of the coefficient is frequently associated with a rise in the 
latter value. x 

Eighteen of the patients had coefficients below 0.12 and four of 
these died. In thirteen, the coefficient was above 0.12, with nine fatali- 
ties. Of the four fatal cases with coefficients below 0.12, two of the 
patients died of bacterial endocarditis without obvious chronic passive 
congestion; the other two showed no myocardial insufficiency at the 
time of observation, and died in subsequent exacerbations. Five of 
the thirteen fatal cases in the second group showed a temporary 
improvement, and during this time the coefficient returned to normal 
values. 

The rise in the coefficient should not be regarded as having the same 
significance in chronic passive congestion as in nephritis. The rise in 
the latter case is the result of definite anatomic changes in the renal 
cells. In chronic passive congestion the fundamental cause lies in the 
failure of the heart to supply a sufficient quantity of blood to the 
kidneys. This imperfect circulation results in an oliguria. There is a 
secondary factor, the actual functional deterioration of the cell, due to 
its impaired blood supply. This prevents the attainment of a requisite 
degree of concentration to offset the effects of the oliguria. The 
resultant of these two factors is that the rate of output does not reach 
the level demanded by the concentration of urea in the blood, and 
there is a rise in the coefficient. With a return of normal circulatory 
conditions, the kidney shows a complete recovery of functional 
activity. 

In cardiac disease there is no great change in the level of the total 
nonprotein nitrogen or urea of the blood. The urea nitrogen forms a 
somewhat larger proportion of the total nonprotein nitrogen in the 
more severely decompensated cases than it does normally. The coeffi- 
cient of urea excretion affords an excellent means of following the 
effects of passive congestion on renal function. The more severe 
grades of chronic passive congestion cause marked rises in the con- 
stant. Cases with a coefficient about 0.12 usually come to a fatal issue 
within a relatively short period. In a majority of cases the phenolsul- 
phonephthalein excretion is diminished in marked passive congestion 
and returns to normal with the reestablishment of normal circulatory 
conditions. 

Nephritis: Ambard,' 11 Widal, Weill and Vallery-Radot 15 and 
McLean 9 have shown that changes in the functional capacity of the 


44. Ambard, L. : Physiologie normale et pathologique des reins, Paris, 1914. 

45. Widal, Weill and Vallery-Radot : Presse med., 1914, 22, 565. 



28 


THE ARCHIVES OF INTERNAL MEDICINE 

of urea nitrogen per 100 c.c. One of these cases subsequently came 
to necropsy, and the kidneys showed a few arteriosclerotic scars. 
Rowntree and Fitz 43 suggested that this retention might be due to 
some slight renal change which was not demonstrable under normal 
conditions, but which became apparent under the extra strain put on 
the kidneys by the failing circulation. . 

Phenolsulphonephthalein, Excretion: In well compensated heart 
conditions and the milder forms of passive congestion, Rowntree and 
Fitz 43 have found little interference with the excretion of dye. In 
outspoken myocardial insufficiency the excretion was much diminished, 
but returned to normal with restoration of circulatory equilibrium. 
These observations were confirmed in the present series. 

The coefficient of urea excretion has been determined at least once 
in all cases, and repeatedly in a number of instances. 

In well-compensated cardiac disease there is very little change from 
normal, the average coefficient being 0.082. The highest value under 
these conditions is 0.103 and the lowest 0.0S4. 

In forty-one determinations there were outspoken evidences of 
myocardial insufficiency. The average coefficient in these cases is 
0.124, with a maximum variation of from 0.074 to 0.248. There is a 
general relationship between the degree of decompensation and the 
height of the coefficient in all these cases : the more evident the passive 
congestion, the higher the coefficient. The most striking agreement, 
however, is found in those determinations done on the same individual 
under varying conditions of myocardial sufficiency and insufficiency. 

.Case 252 is a good example. The diagnosis was syphilis of aorta, aortic 
insufficiency and myocardial insufficiency. On the patient's first admission, his 
coefficient was obtained after compensation had been reestablished. It was 
normal (0.08). The blood urea nitrogen was 16 mg. and the phenolsulphone- 
phthalein excretion 46 per cent. Six months later he returned. He was very 
edematous and extremely dyspneic. There was marked oliguria, the daily out- 
put rarely exceeding 500 c.c. Chronic passive congestion had evidently impaired 
his renal function, as his power of concentrating urea was markedly diminished. 
The blood urea had increased slightly, but the coefficient had risen to 0.193, 
an increment of over 200 per cent. After six days’ rest and a restricted fluid 
intake, there was some clinical improvement, and the blood urea nitrogen 
dropped to 17 mg. There was no diuresis, the rate of output was essentially 
the same as on the previous occasion, and the coefficient showed no marked 
change. In the course of the next two and a half weeks, the patient lost most 
of his edema, there was a moderate polyuria, and at the time of the third 
determination, the coefficient had dropped to 0.112. This change was not 
accompanied by any fall in the blood urea, but was due entirely to the increased 
rate of urea excretion. The fourth observation was made shortly after the 
disappearance of myocardial insufficiency. There was a good output of urea, 
and, in spite of an increased blood urea, the coefficient had returned to normal 
The phenolsulphonephthalein excretion was not determined at the height of 
passive congestion, but subsequent determinations did not show any marked 
change from the output obtained on the first admission. 
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TABLE 8. — Acute Nephritis 


Date 

i 

Case 

No. 

Medical 

No. 

Total 
Non- 
protein 
Nitrogen, 
Mg. per 
100 O.c. 
Blood 

Urea 
Nitrogen, 
Mg. per 
100 O.c. 
Blood 

Percentage 

oi 

Total 
Non- 
protein 
as Urea 
Nitrogen 

Coefficient 

Index 

•Phthal- 

ein 

Out- 

put, 

2 Hr. 

4/10/15 

.... 



34 

• ... 

0.116 

... 

40 

4/13/16 

.... 



16 

.... 

0.062 

... 


4/16/16 

.... 



H 

.... 

0.069 

... 

55 

4/18/14 

160 

20990 


45 

.... 

0.13 

38 

* 

5/10/14 

.... 



39 

.... 

0.104 

59 


5/ 2/14 

162 

20948 


44 

.... 

0.134 

36 

15 

5/30/14 

.... 



22 

.... 

0.079 

. 103 

50 

2/19/15 

85 

33695 

44 

27 

61.5 

0.172 

21 

40 f 

3/ 1/15 

.... 



10 

50 

0.063 

163 

65 

10/23/15 

95 

34901 


46 

76.7 

0.232 

12 


10/26/15 

.... 



60 

45 

75 

0.203 

16 

48 

11/ 1/15 

.... 


57 

36 

63.2 

0.162 

24 


11/ 3/15 

.... 


49 

27 

55.1 

0.124 

42 


11/ 9/15 

.... 


.. 

24 

.... 

0.107 

56 

44 

11/16/15 




22 

.... 

0.119 

45 


11/30/15 

.... 


30 

22 

73.3 

0.111 

52 

50 

12/ 6/15 

.... 


19 

12 

63.2 

0.074 

117 


12/ 8/15 

— 


14 

• 9 

64.3 

0.054 

219 

58 ' 

12/13/15 

.... 


16 

9 

56.1 

0.061 

172 

63 

12/23/15 

132 

S. 36610 

129 

117 

90.8 

0.4 

4 

15 

12/26/15 

— 


. . 

45 

.... 

0.179 

3 

23 

9/29/15 

119 

34753 

178 

148 

. 83.2 ’ 

1.09 

0.5 

: 

9/S0/15 

— 


170 

141 

S3 

1.36 

0.3 

T. 

10/ 2/15 

— 


125 

102 

81.6 

0.55 

2.1 

11 

10/ 4/15 

— 



78 

55 

70.5 

0.41 | 

3.S 


10/ 6/15 

— 


42 

23 

54.8 

0.186 

18 

27 

10/ 8/15 

— 


26 

11 

42.4 

0.124 1 

42 

35 

10/13/15 

— 


22 

s 

36.4 

0.064 ! 

156 

45 

10/1S/15 

.... 


22 

11 

50 

0.12 

53 



* The diagnosis was acute nephritis; purpura, 
t The diagnosis was salvarsan poisoning, 
t The diagnosis was mercury bichlorid poisoning. 
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diseased kidney can be followed with great exactness by the coefficient 
of urea excretion. They have found a marked fixation of the coeffit 
dent when the disease was stationary, a gradual rise during the prog- 
ress of the condition, and a fall if the disease showed a tendency to 
subside. Widal has compared the excretion of urea to the escape of a 
fluid through an opening of variable size. If it is escaping at a given 
rate, under a known pressure, it will be necessary to increase that 
pressure if the size of the orifice is to be diminished without interfer- 
ing with the rate of output. These laws of hydrostatics hold abso- 
lutely within certain wide limits. The same general considerations 
apply to renal function. Under normal conditions a satisfactory rate 
of output can be maintained with comparatively low concentrations 
of urea in the blood. As the amount of healthy kidney tissue is 
decreased by ‘disease, interference with the rate of urea excretion 
becomes more outspoken, and a higher concentration of blood urea is 
required to maintain the original rate of output. The coefficient, there- 
fore, assumes a higher level than previously, but should remain con- 
stant at this new value until a further change in renal function occurs. 
Ambard, however, points out that these conditions prevail only in the 
presence of a sufficient output of water and that in the oliguric stages 
of nephritis variations in the coefficient, which cannot be explained by 
actual changes in the kidney function, are to be expected. 

The coefficient is particularly useful in the study of those cases 
of nephritis which show a retention of nitrogen. In the early stages 
of chronic diffuse nephritis, with a maximum involvement of the salt 
excretion, the results are not so dependable. Indeed, there may be 
an irritation of the kidney, with an actual hyperactivity in the excre- - 
tion of nitrogen in certain stages, as has been shown previously. In 
the absence of any marked interference with the chlorid elimination, 
however, the coefficient may be relied on to indicate an impaired nitro- 
gen excretion in a considerable number of cases, long before any 
impairment has been shown by a retention of nitrogen .in the blood. 

There are 162 cases of nephritis in the present series, but the find- 
ings will be tabulated in only forty-one cases, which were studied 
repeatedly. These results will be used for an analysis of varying 
factors which may cause changes in the value of the coefficient. The 
whole series will be utilized for the general discussion and observa- 
tions on prognosis. 

Acute Nephritis : There were eighteen cases of acute nephritis, 
seven of which were observed repeatedly. Possible etiologic factors 
were known in ten instances. Four were associated with purpura, 
one followed erysipelas, one followed salvarsan therapy, and two 
were cases of mercury poisoning. In one case there was a history of 
prolonged exposure to cold and wet. 
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on a low protein diet at the time, their levels of blood urea nitrogen 
having been 19 and 65 mg., respectively, before the diet was com- 
menced. In one instance, Case 92, the change in level of the blood 
urea had caused no noticeable change in the value of the constant, 
while in Case 88 the disappearance of a moderate passive congestion 
readily explained the lowered coefficient. 

The Relation of the Total Nonprotein Nitrogen to the Urea Nitro- 
gen : In a considerable number of cases the total nonprotein nitrogen 
was determined synchronously with the blood urea nitrogen. Folin 
and Denis 48 found that 50 per cent, of the total nonprotein nitrogen 
was present as urea nitrogen in healthy adults, but that in normal 
clinical material the proportion ranged from 41 to 74 per cent. While 
this range of variation has been noted in the milder cases of nephritis, 
an almost complete disappearance of the lower values has been found 
in the more severe cases. In thirty-eight determinations on persons 
having a coefficient between 0.09 and 0.15, twenty-one had less than 
60 per cent, of the total nonprotein nitrogen as urea nitrogen; while 
in seventy-one determinations on cases with a constant above 0.15, 
only eleven had less than 60 per cent, of the total nonprotein nitrogen 
as urea nitrogen. The ratio of total nonprotein nitrogen to urea nitro- 
gen seems to have a much more intimate relation with the degree of 
nitrogen retention than it does with the level of the coefficient. The 
lower percentages are almost always associated with the low values 
of blood nitrogen. In those cases in which the blood nitrogen was 
varied by dietary procedure (Cases 117, 88, 92, 54 and 35), the fall in 
the blood urea always took place much more rapidly than did that of 
the total nonprotein nitrogen, with the result that even in severe cases 
the proportion frequently sank below 50 per cent., and went to 43 per 
cent, on two occasions. In chronic nephritis a low percentage of urea 
nitrogen has little significance. Percentages above 75 are seen rarely 
in the milder cases, but they become increasingly frequent in the 
severer ones. 

The Independence of the Coefficient and the Blood Urea : If Addis 
and Watanabe’s 10 criticisms of the coefficient are founded on fact, and 
if the coefficient really maintains its constancy only by reason of the 
relative fixation of the blood urea, one would be justified in making 
the following assumption : 

1. In cases of chronic nephritis, in a stationary condition, the 
coefficient should follow the concentration of urea in the blood. Every 
rise or fall in the blood urea should be reflected by a corresponding 
variation in the coefficient. 

2. If the clinical condition of the patient is showing marked varia- 
tions during the period of observation, then the variations in the blood 
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The results were similar in every case. During the acute stage 
there was a variable grade of oliguria and a well-marked retention of 
nitrogen, as shown by studies of the blood. The coefficient showed a 
rise corresponding to the severity and duration of the disease, and 
there was a consistent diminution in the phenolsulphonephthalein out- 
put. The highest values were found in Cases 95, 119, and 132. In 
Case 95 the nephritis was associated with a septicemia, and was prob- 
ably of a focal nature. The second was a case of mercury bichlorid 
poisoning. The patient had been anuric for six days before examina- 
tions were begun. Case 132 was of an acute nephritis, with complete 
suppression of urine for two days after the onset. The two deter- 
minations were made during the period of recovery, but the coefficient 
was not obtained after complete recovery. 

In every case clinical improvement was accompanied by a rapid 
change in the functional tests. The blood urea fell to normal levels, 
the rate of excretion of urea increased and there was a marked drop 
in the coefficient. The phenolsulphonephthalein excretion also 
increased and resumed a normal rate of output. Those cases in which 
a chronic nephritis followed the subsidence of the acute lesion gave 
evidence of this in the persistence of some elevation of the constant 
and an impaired phenolsulphonephthalein excretion. In those patients 
with perfect recovery the coefficient and phenolsulphonephthalein 
resumed absolutely normal figures. 

Chronic Nephritis: The findings in chronic nephritis have been 
confirmatory in nature to a considerable degree. Ambard and McLean 
have both noted marked increases in the coefficient, corresponding to 
the grade of renal insufficiency present. 

Reference to the work of Folin, 40 Frothingham, 41 Tileston 42 and 
others quoted previously shows the wide range of normal values of 
urea nitrogen. The upper limit of normal is between 20 and 25 mg. 
Of sixty-six cases in the earlier stages of nephritis, only twenty-two 
showed urea nitrogens above 20 mg., and only six were above 25 mg. ; 
yet all had coefficients above 0.09 (the upper normal limit), and many 
showed outspoken increases in the constant. In this same group the 
urea nitrogen was 15 mg. or less in twenty-nine cases. It is evident 
from this that the coefficient picks out instances of early impairment 
long before the blood urea shows any definite increase. In the severer 
cases there was a more evident agreement between the blood urea and 
the level of the coefficient. Of forty-one determinations on cases hav- 
ing a coefficient between 0.15 and 0.3, the blood urea was above 25 mg. 
in thirty-three and above 20 mg. in thirty-seven instances, with only 
two cases below 15 mg. Both these patients. Cases 88 and 92, were 


46. Folin, O., and Denis, W. : Footnotes 16 and 19. 
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as markedly improved, while in reality their functional power has 
shown no obvious change. 

The phenolsulphonephthalein excretion in these cases was constant, 
pointing to an unchanged condition of renal function. 

The acute nephritides furnish the best examples of the agreement 
of the blood urea, the coefficient, and the clinical condition of the 
patient. Such cases cannot be used as arguments against the validity 
of the coefficient. 

The third condition is somewhat difficult of attainment, but Case 35 
fulfils all requirements. 

The patient, C. C. (Med. No. 35242), 35 years of age, was perfectly well until 
nine months before admission, when headaches began. They became progres- 
sively worse. He had marked nycturia; gastro-intestinal disturbances appeared, 
and he lost a great deal of weight. Visual disturbances commenced one week 
before admission. 

Physical examination showed evident loss of weight, no marked pallor, some 
exophthalmos, lungs with few rales at the bases. The region of cardiac dul- 
ness was 4 by 14 cm. There was relative mitral insufficiency. The blood 
pressure was 240 systolic, 140 diastolic. There was marked arterial thickening. 
The liver edge was palpable 2 cm. below the costal margin. The eyegrounds 
showed extreme hemorrhagic albuminuric retinitis. The urine specific gravity 
was 1.015. There was albumin, 2 parts per thousand, with numerous hyaline and 
granular casts. The phenolsulphonephthalein excretion in two hours was 40 
per cent. 

A diagnosis was made of chronic diffuse nephritis, secondary contracted 
kidney, chronic uremia, hypertension and arteriosclerosis. 

On account of severe headache, he was put on low protein diet. 
The blood urea nitrogen dropped from 17 mg. to 13 mg. and then to 
7 mg. With this drop there was an even greater rate of fall in the 
twenty-four hour output of urea, and as a result, the coefficient rose 
from 0.103 to 0.129. The phenolsulphonephthalein excretion dropped 
to 34 -per cent, in the course of a few days. 

Under treatment his headaches decreased, but otherwise his con- 
dition was unchanged. He died two months later in typical uremic 
convulsions. In this particular instance the coefficient and phenol- 
sulphonephthalein tests showed the true progressive character of the 
disease, in spite of the drop in the blood urea and the symptomatic 
improvement. 

From the cases given above it is evident that there can be no abso- 
lute relationship between the blood urea and the coefficient. In the 
mild and moderately severe cases the value of the coefficient depends 
on the functional capacity of the kidney, and any variation in the 
value has its underlying cause in some functional change in the kidney 
itself. 

Causes of Variation in the Coefficient in Chronic Nephritis : The 
foregoing cases show conclusively that simple variations in the blood 
urea have no effect on the level of the coefficient. Therefore, the 
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urea, and consequently the coefficient, should reflect the functional 
condition with accuracy. 

3. If the disease should be rapidly advancing, and y yet the blood 
urea should be reduced by dietary measures, then the coefficient 
should follow the blood urea, and indicate an apparent improvement 
in the presence of an outspokenly progressive impairment of renal 
function. 

In dealing with the first assumption, reference may be made to 
Cases 92, 97, 110 and 84. In Case 92 (Fig. 2) variations in the blood 
urea nitrogen from 59 to 15 mg. per 100 c.c. produced a maximum 
variation in the constant of from 0:224 to 0.292. In this case the rate 
of output, corrected for urinary concentration, amounted to 29.7 gm. 



Fig. 2. — Independence of the coefficient of blood urea excretion in chronic 
nephritis. The coefficient remains constant, while the blood urea and the urea 
output vary. In this and the following illustrations the full, dark line indicates 
the coefficient of urea excretion (K), the figures being given in the first 
column at the left; the dotted line indicates the. blood urea in thousandths (Ur), 
the figures being given in the second column from the left; the parallel dash 
line indicates the V corrected rate of output— V D, etc., the figures being 
given in the third column ; the dash line indicates the concentration of the 
urine in thousandths (C), the figures being given in the fourth column; and 
the parallel lines indicate the volume of urine, expressed in the figures of 
the fifth column. 

of urea for the initial concentration in the blood. With the drop in 
the blood urea to 25 per cent, of its former value, the rate of output 
dropped to 2.09 gm. in the 24 hours, or 7.01 per cent, of its original 
rate. The other cases all show the same absolute relationship between 
the rate of excretion and the concentration of urea in the blood. 
Judged from the blood urea alone, these patients should be considered 
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response on the part, of the kidney to an increased stimulation in the 
form of increased concentration of blood urea. According to the stage 
of disease, the increase may be slow or rapid. In Case 164 the 
coefficient' rose from 0.172 to 1.12 in six weeks, and death occurred 
shortly, after the latter determination. In Cases 116 and 114 the 
change was equally rapid. 

Other cases have advanced much more slowly. Case 96 presented 
a coefficient of 0.24 in 1915. Eight months later the value was 0.34 
and one year later 0.414. The phenolsulphonephthalein output fell 
from 10 per cent, to 3.5 per cent., and finally to zero in the same time.. 
Another case (Case 124) merely advanced from 0.101 to 0.153 in 
three months, while others (Case 92, etc.) were absolutely stationary. 

Changes in the Coefficient Which Are Not Due to Actual Changes 
in Renal Function: These changes are only seen when kidney func- 
tion is in an extremely embarrassed condition. 

Certain cases of marked renal insufficiency in the present series 
showed marked changes in the value of the coefficient, quite inde- 
pendent- of any change in the functional efficiency of the organ. Some 
explanation of these findings was sought in view of their apparent 
disagreement with the laws of function. 

The use of test meals for renal function has shown that the most 
constant qualitative finding in moderately severe nephritis is loss of 
concentrating power. 3 This eventually progresses until there is a loss 
of diluting power as well 5 and the concentration of the urine becomes 
practically constant throughout the day. Under these conditions the 
second law of function becomes nonexistent, and the rate of output 
varies directly as the square of the concentration of urea in the blood. 
The only means of changing the rate of output is by a variation of the 
urinary volume, and in such persons a rise in the blood nitrogen is 
met by a corresponding grade of polyuria. Cases 110 and 112 are 
examples of this condition. In both cases there is approximate fixation 
of the urea concentration. In the former case the blood urea drops, 
and in the latter there is a considerable rise. In each instance the 
burden of changing the rate of output falls on the volume of urine 
excreted. In the first case there is an almost perfect response, with 
a constant coefficient; in the latter (Case 112) the rise in volume is 
not quite sufficient and there is a definite increase in the constant. 

In the later stages of nephritis, even this water-regulating mechan- 
ism may be lost, and the rate of output becomes a relatively fixed quan- 
tity. As a result the formula 

T , Blood urea , Blood urea 

A. = 1 11 = becomes K = — — = ■■ - — 

V Corrected rate of output V Constant factor 

or, in other words, the coefficient varies directly with the blood urea, 
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most obvious cause of the variability in the constant will be an actual 
change in the patient s condition. This may be due to changes in cir- 
culatory mechanism or to definite changes in renal function. 

In myocardial insufficiency the onset of passive congestion is rap- 
idly followed by a rise in the coefficient, which falls again quite as 
rapidly with the subsidence of the condition. Case 28 shows the effect 
of an increasing grade of cardiac insufficiency, a marked increase in 
the coefficient, with very slight change in the blood urea, while Case 52 
is an example of a change in the opposite direction. Case 88 shows 
the effect of chronic passive congestion on the coefficient in a severe 
case of nephritis. The coefficient falls from 0.192 to 0.154 with an 
improvement of the circulatory condition, then, as chronic passive 
congestion returns, rises again to 0.172. In this particular instance the 
level of the blood urea also shows large variations, due to the dietary 
regimen. This patient died of cardiac failure two weeks later/ 

Actual Changes in Renal Function— Improvement: The fall of the 
coefficient during improvement has been discussed under acute 
nephritis. 

By dietary methods, having as their basis a prolonged reduction in 
the protein intake, we have been able repeatedly to reduce the blood 
urea to normal and' even low normal values, but in only one case has 
this been followed by any apparent functional change in the kidney. 

In Case 84, after a low protein intake of two months’ duration, the 
coefficient fell from 0.168 to 0.066. It subsequently rose to 0.087. N 
That this variation was not due merely to a change in the blood urea 
concentration is shown by the fact that on one occasion the coefficient 
was 0.163, with a blood urea nitrogen of 12 mg. ; and one month later 
was 0.087, with blood urea nitrogen of 13 mg. This patient had been 
admitted five times during the preceding three years, and on each 
occasion his phenolsulphonephthalein excretion had been approxi- 
mately 40 per cent. On the last admission his output was 31 per cent., 
but with the falling Ambard, his phenolsulphonephthalein rose to 
63 per cent, and finally 72 per cent. In other words, there seemed to 
be a definite functional improvement in this case, which, to the best 
of our knowledge, had been in a stationary condition for the preceding 
thirty-six months. 

Advance in the Severity of the Disease: The coefficient affords 
an excellent means of studying the progress of functional impairment. 
Table 9 presents numerous examples of a rising coefficient, associated 
with increasing renal insufficiency. In these cases an increase in the 
level of blood urea usually accompanies the rising constant. If such 
a condition occurred with a stationary lesion of the kidney, the rate of 
output would increase to a corresponding degree and the coefficient 
would not change. A rise in the coefficient indicates an inadequate 



Fig. 4. — Case of variation of the coefficient of urea excretion with changes 
in the urine volume. For key to the diagram see the legend of Figure 2. 
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because the rate of output has become a constant. The best example 
of this condition is Case 102 (Fig. 3). 

Another possible condition, would be the inadequacy of the water 
output. The frequency with which a diurnal oliguria and nocturnal 
polyuria are associated in nephritis is well known. If, therefore, the 
concentration were fixed, and a coefficient were determined during the 
period of nocturnal polyuria, and again during the oliguria period 
of the day, the coefficient should vary in direct proportion to the water 
output. The last four determinations of the coefficient in a case of 
polycystic kidney (Case 111, Fig. 4) show this condition remarkably 
well. The blood urea is relatively constant, while the volume, cor- 
rected rate of output, and value of the coefficient agree absolutely. 
The final intense grade of oliguria was precipitated by the ingestion 
of an enormous quantity of water, given in the hope of producing a 
polyuria. This is a good example of a fatigue reaction in a badly 
damaged kidney and is of the same type as that produced in many 
cases of chronic diffuse nephritis by a sudden overload of salt. 

In this' case the changes in the value of the coefficient were not 
associated with any clinical change in the patient. At first sight they 
seem to be obvious proof of the inaccuracy of the coefficient and the 
laws of excretion. Closer examination, however, proves them to be 
the natural outcome of the functional conditions present. 

In patients with a regular advance in the kidney lesion, the impor- 
tance of oliguria in producing the terminal renal insufficiency is beau- 
tifully shown in Figure S. The fixation of concentration is almost 
complete, although it shows a slight tendency to rise with the progres- 
sive increase in the blood urea. The volume and rate of output con- 
tinually diminish, and finally there is the onset of the premortem pro- 
tein catabolism, with a tremendous rise in the coefficient and blood 
urea, associated with a marked fall in the urine volume and rate of 
excretion. This progressive impairment is also reflected by the con- 
stant fall in the phenolsulphonephthalein output. 

Basal Coefficient: In dealing with physiologic problems we are 
accustomed to speak of stimuli as being minimal, optimal and maximal. 
By the last is meant a stimulus of such a strength that it will elicit 
the maximal response from the tissue under examination. Any fur- 
ther increase in the stimulus will cause no increased response; on the 
contrary, it may produce actual damage and the response be diminished 
rather than augmented. 

It is conceivable that similar conditions might exist in cases of 
nephritis with a marked impairment of concentrating power. Within 
certain limits of blood urea concentration, the kidney would be capable . 
of excreting the theoretical quantities of urea, and the coefficient would 
remain constant. If the blood urea rose above these limits, and pre- 
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sented a supramaximal stimulus, the rate of output would not increase 
to a corresponding degree, but would remain a relatively fixed quan- 
tity. Under these conditions the coefficient would vary directly with 
the blood urea. The reappearance of a constant coefficient would 
signify the return of the blood urea within the foregoing limits of con- 
centration and below the critical concentration. 

Case 95 (Fig. 6) is of interest in this connection. During the 
acute stage there was a considerable nitrogen retention. In the first 
five determinations, however, there was a progressive fall, both in the 
blood urea and in the coefficient. During this period the rate of output 
remained practically constant, a good example of a maximal response 
to a supramaximal stimulus. As soon as the blood urea fell below the 
critical concentration, the rate of output began to vary in relation to 
the blood urea. 

Case 117 (Fig. 7) is another example of the same condition in a 
chronic nephritis with the diffuse type. There was marked albuminuria 
and cylindruria. The specific gravity was fixed in the neighborhood 
of from 1.010 to 1.012. On admission, the blood urea nitrogen of this 
patient was 53 mg. per 100 c.c., and the coefficient 0.75. After a period 
of improvement his protein intake was increased and the blood urea 
nitrogen rose to 88 mg. The coefficient, however, fell to 0.458. One 
month later the coefficient was 0.425. He then became worse; there 
was a marked retention of nitrogen, and the coefficient rose to 1.305. 
A low protein dietary reduced the level of the blood urea. The coeffi- 
cient followed it closely during the first part of its fall, but when the 
coefficient reached the value of 0.525, it became constant. The con- 
centration of urea continued to fall, but each diminution was accom- 
panied by a corresponding change in the rate of output, so that the 
coefficient resumed its independence of the blood urea concentration. 
A subsequent rise of the blood urea nitrogen to 64 mg. was associated 
with a prompt rise in the constant, while subsequent falls below 50 mg. 
did not produce any marked depression in the coefficient. . As the fatal 
issue approached, renal function became more and more impaired and 
there was a progressive increase in both blood urea and the coefficient. 

After the initial exacerbation of the disease, the phenolsulphone- 
phthalein excretion remained constantly between 5 per cent, and 7 per 
cent., and showed no such variations as those seen in the coefficient 
during the same period. 

The second case is of particular interest. It raises the question 
as to whether two types of nitrogen retention should not be recog- 
nized. The first type is characterized by a fairly rigid adherence to 
the laws of function, and every change in blood urea concentration is 
accompanied by a corresponding change in the rate of excretion. The 
retention may be regarded as a purely physiologic means of over- 
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Fig. 5. — Importance of oliguria in producing the terminal rise of the coeffi- 
cient. For key to the diagram see legend of Figure 2. 
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Fig. 6. — Case of direct variation of the coefficient of urea ^xcretion with 
the blood urea. The rate of urea output remains constant while the urea in 
the blood is high ; when the latter falls, the rate of output begins to vary in 
relation to the blood urea. For key to the diagram see legend of Figure 2. 
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coming the increased resistance to the passage of urea through the 
damaged kidney. The result of such a retention is a coefficient some- 
what above the normal, but constant in value. In the second type of 
retention the conditions are somewhat different. If the kidney were 
stimulated to its maximal capacity by that portion of the retained urea 
necessary to produce a maximal response, then the excess above this 
level would act merely as an overload. It would not have any favor- 
able effect on the rate of urea excretion, and would be of a distinctly 
pathologic nature. It should be regarded as an accumulation of nitro- 
gen, rather than a retention. Under such conditions the value of K 
would vary directly with the concentration of the blood urea. If, how- 
ever, the blood urea fell below the critical concentration, which marked 
the division between the pathologic accumulation and the physiologic 
retention of nitrogen, the kidney would again be able to respond to 
variations in the blood urea by corresponding variations in the rate of 
output, and the coefficient would again become a constant. The coeffi- 
cient would be independent of the concentration of urea in the blood 
just so long as the blood urea remained below the critical concentra- 
tion. Reference to Case 117, Table 9, will show that before the exacer- 
bations in October the kidney had quite a wide margin of safety. 
Concentrations of blood urea nitrogen up to 88 mg. were not sufficient 
to cause any variations in the coefficient. At a later period 50 mg. 
seemed to be the value and any rise above the level caused marked rise 
in the coefficient. It seems justifiable to assume that no absolute 
change in the functional capacity of the kidney took place during this 
time, but that the variations in the coefficient were merely the result 
of this accumulation of nitrogen in the blood. 

The term “basal coefficient” might be applied to the value of the 
coefficient below which it is impossible to go, no matter how low may 
be the value of the blood urea. It represents the actual functional 
power of the kidney more accurately than do the higher values of the 
coefficient obtained during the period of nitrogen accumulation. 

McLean 17 has described an accumulation of nitrogen in certain 
cases of nephritis, caused by the limitation of the fluid intake. In the 
present instance there was no restriction of fluids and the condition 
was produced by the actual inability of the kidney to excrete either 
water or urea. 

PROGNOSIS 

While tests of function should be regarded as valuable aids to an 
accurate prognosis, they should never be allowed to dominate the 
picture. A diagnosis of the type of lesion and a proper valuation of 
the many factors in the disease complex are of even greater impor- 
tance. 


47. McLean, F. C. : Jour. Exper. Med.. 1915. 22, 366. 
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TABLE 9.— Chronic Nephritis— {Continued) 







6/ 8/14 171 t j 21252 .. 64 .... .... | 32.2 

• G/19/14 ... l .. 13 .... .... 10.5 

0/1/15 97* 31691 .. 28 .... 12.9 5.9 

9/20/15 ' .. 53 .... 19.7 24.1 

1/15/16 98 ' 35282 .. 51 .... 14 16.8 

1/28/16 ... .. 32 .... 11.7 6.7 

8/26/15 102* 31507 .. 35 .... 5 6.2 

9/15/15 ... .. 47 .... 1.5 1.9 

9/27/15 ... .. 98 .... 1.8 5.6 

10/11/15 ... 31637 110 SO 73 5.1 7 

10/21/15 ... 152 78 61.2 4.8 8.3 

2/10/16 105 .. 44 .... 11.7 7.3 

2/23/16 ... 54 35 61.8 8.7 j 5 

3/18/16 ... .. 60 .... 7.4 5.2 

1/ 1/10 ... 82 66 .... 6.1 2.7 

1/ 9/14 174* t 20575 .. 65 .... .... 12 

1/3/11 ... .. 211 .... .... 23.8 

1/28/14 .. 321 .... .... 16.7 

3/ 4/15 107* 33709 81 64 79 7.7 10 

3/12/15 ... 96 60 62.5 5 5.2 

3/26/15 ... 102 85 83.3 7.5 7.7 

4/ 9/15 ... 91 84 89.4 6.2 C 

4/20/15 102 155 80.8 8 2.S 

2/ 9/15 108* 33613 40 23 57.5 3.3 1.3 


* Oases ending fatally. 

f Casus In which original hypobromlle methods were used for analysis. 
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months, although the danger is not so immediate as in those cases of 
vascular nephritis with an equally high coefficient. 

3. In three cases (Cases 23, 26 and 35) the functional studies gave 
no inkling of the severity of the lesion. These were all examples of 
rapidly progressive uremia. The history was the same in every 
instance. There were severe headaches, visual disturbances, nausea, 
vomiting and loss of weight. Hypertension, cardiac hypertrophy, 
diffuse vascular thickening, and extreme grades of albuminuric retinitis 
were present in every case. They showed normal blood ureas, coeffi- 
cients below 0.14 and phenolsulphonephthalein excretions above 40 
per cent. These patients all died in convulsions within five months of 
the time of observation. None of these cases came to necropsy. From 
the history, Case 1 14 was probably another member of the group, seen, 
however, in the last stages. At necropsy a moderate grade of sec- 
ondary contracted kidney was found. In these cases a comparison of 
the severity of the symptoms and physical signs, with the mild grade 
of functional impairment, gave a perfectly definite picture. The 
absence of outspoken functional impairment should not be misleading. 
The prognosis in these cases was measured in weeks. 

While in a majority of cases the functional findings are of great 
assistance in the making of an immediate prognosis (as in those cases 
‘with a coefficient above 0.2), we are still at a great disadvantage in 
those cases having only a 'moderate grade of impairment. Under 
ordinary conditions a low coefficient (below 0.12) which remains at 
approximately the same level for some time justifies a good prognosis. 
One should be extremely careful in giving a favorable opinion with 
values above 0.15, as a coefficient at this level means that a large 
proportion of the active renal tissue has been damaged, and any extra 
strain put on the organ will undoubtedly cause serious renal insuf- 
ficiency. 

Practically every patient with a coefficient steadily above 0.35 has 
died within six months. Every one of these patients, however, had 
such outspoken signs of renal insufficiency that the information gained 
by functional study was merely of a confirmatory nature. 

SUMMARY 

1. The laws of function are not followed with mathematical exact- 
ness in young and active individuals, but under routine conditions 
they are remarkably accurate. They are correct in principle. 

2. The coefficient of urea excretion is subject to certain variations 
in normals, but any value below 0.06 or above 0.09 should be regarded 
as abnormal unless the excessive variation can be readily explained. 

3. The coefficient is absolutely independent of the blood urea con- 
centration. Its level is governed by the condition of renal function. 
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In vascular nephritis death is due so frequently to extrarenal acci- 
dents (vascular or cardiac) that extreme renal insufficiency is some- 
what unusual. In such cases the presence of a relatively unimpaired 
renal function should not be regarded as necessarily warranting a 
favorable prognosis. For example, Case 71 was a cerebral arterio- 
sclerotic, with some evidences of a vascular nephritis. The functional 
tests showed slightly damaged kidney (55 per cent, phenolsulphone- 
phthalein excretion, coefficient 0.141), yet he died two weeks later of 
cerebral hemorrhage. We have had very little opportunity of follow- 
ing the cases of primary contracted kidney over long periods. Such 
patients have usually come for consultation on account of symptoms 
referable to hypertension rather than to any renal insufficiency and 
have not remained in the hospital. Of fifty-eight patients examined, 
forty-eight had coefficients below 0.2. Thirty-three of these have been 
traced, and of these, only five are dead. One died of uremia, three of 
cerebral hemorrhage, and one with extreme myocardial insufficiency. 
Of the ten patients with coefficients above 0.2, nine have been followed 
and eight of these are dead. Six died in the hospital in coma, two 
died of cerebral hemorrhage shortly after their discharge. Extreme 
myocardial insufficiency was present in three of the eight patients 
during their terminal illness. It is evident from the foregoing that 
functional signs of renal insufficiency occur only in the last stages of 
the disease. Coefficients above 0.1 75 in chronic vascular nephritis 
justify a very guarded prognosis. 

The cases of chronic diffuse nephritis can be divided into three 
distinct types: 

1. Those which remain stationary over prolonged periods, in spite 
of an outspoken renal insufficiency. The functional tests have a pecu- 
liar value in identifying these cases and in giving evidence of the onset 
of a progressive lesion, which under ordinary circumstances is the 
final event. 

2. Other cases show a progressive course, with constantly increas- 
ing renal insufficiency. In these the coefficient and phenolsulphone- 
phthalein test enable us to follow the rate of progress and thus assist 
in an accurate prognosis. 

Seventy-one determinations have been done on thirty-nine such 
cases in which the coefficient was below 0.2. Thirty of these patients 
have been traced and ten have died, six in uremic coma. Seventy-six 
determinations have been done on twenty-six patients with coefficients 
above 0.2. Twenty-one of these patients have been traced and fifteen 
of them are dead. Eleven died in uremia within a short time of obser- 
vation, and most of them had more or less severe myocardial insuffi- 
ciency. It is evident from the foregoing that here again individuals 
with a coefficient above 0.2 have an expectation of life measured in 



THE ACTION OF THE SEVERAL “FEMALE REMEDIES’” 
ON STRIPS OF THE EXCISED HUMAN UTERUS* 


J. D. PILCHER, M.D. 

OMAHA 

In a recent paper 1 were presented the actions on the excised uterus 
of the guinea-pig of a long list of drugs that have been reputed to 
possess certain rather indefinite actions on the uterus. Since then 
there has been an opportunity to investigate the actions of a few of the 
same drugs on strips of the human uterus in the same manner. The 
number of experiments in this series is rather limited, but as the results 
agree qualitatively with those on the guinea-pig uterus and as a large 
percentage of the strips from the human uterus do not contract at all, 
the number was thought to be sufficient to warrant conclusions for this 
work. The experiments were made on strips from four nonpregnant 
uteri and from one fallopian tube. The uteri were obtained from the 
surgical services of the Omaha hospitals 2 and were used on the same 
day ; one specimen was used on the second day also. Four specimens 
were from patients past the menopause and the fifth from a patient 
28 years of age ; the results were similar in each case. 

Character of. the Movements of Strips from the Human Uterus : 
Gunn 3 has previously noted that strips from the human uterus contract 
similarly to those from the guinea-pig; his tracings, however, agree 
with mine that the movements are of much less magnitude as a rule, 
occasionally being no more than wavy lines. Very frequently strips 
showed no contractions at all. Possibly the pregnant human uterus 
would give a larger percentage of active strips, as is the case with the 
guinea-pig uterus. 

The following drugs were examined: Pulsatilla praten-sis (pulsa- 
tilla), Aletris farinosa (unicorn root), Caulophyllum thalictroides (blue 
cohosh), Cnicus benedictus (blessed thistle), Viburnuvi prunifolium 
(black haw) and oil of valerian. It was found that pulsatilla, aletris 
and oif of valerian (Fig. 1) lowered the amplitude of the excursions 
or completely inhibited them; but the action was not so prompt or so 
great as on the guinea-pig uterus in the same concentration. Caulo- 

*Submitted for publication June 26, 1916. 

* From the Pharmacologic Laboratory, University of Nebraska, College of 
Medicine, Omaha. 

1. Pilcher, Burman and Deizell: The Archives Ixt. Med., 1916, 18, 557. 

2. From the services of Drs. Findley, Jonas, Waters and Mosher. 

3. Gunn, J, A.: Proceedings of the Royal Society, 1914, 87, 551. 
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4. The coefficient is depressed in fever, in hyperthyroidism, in 
hypertension with early changes in the renal arterioles, and in early 
chronic diffuse nephritis. The depression is an evidence of increased 
renal activity due to irritation. 

5. The coefficient is raised in myxedema. 

6. There is an increase of the coefficient in myocardial insufficiency. 
Opinions are divided as to whether this is the effect of an extrarenal 
factor (the circulation) or whether there is a definite anatomic lesion 
in the passively congested kidney. 

7. The coefficient is above normal in nephritis with renal insuffi- 
ciency. This increase is more evident in chronic diffuse nephritis than 
in the vascular type, due to the greater frequency of renal insufficiency 
in the former cases. The coefficient shows an increase long before 
there is any evidence of nitrogen retention in the blood. The coeffi- 
cient gives an excellent means of following the changes in renal func- 
tion and of measuring the rate of progress of the disease. 

8. There is a marked uniformity in the results of the phenolsul- 
phonephthalein test and the coefficient in all stages of nephritis: In the 
later stages there is also a close agreement between the nonprotein 
nitrogen of the blood and the coefficient. 

9. In a few severe cases the coefficient varies without there being 
any evident change in the clinical condition ; the causes of these varia- 
tions have been discussed. 

10. The prognostic value of the coefficient is considerable. Values 
above 0.2 are seen only in the severe cases, while constants persis- 
tently above 0.3 are found only in persons with a maximal impairment 
of renal function. A coefficient above 0.2 has a graver import in vascu- 
lar nephritis than in that of chronic diffuse type. 

11. For an accurate prognosis repeated determinations of the 
coefficient are of the greatest importance. 
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experiments were made with the oil of valerian as it was used to insure the 
accuracy of the method in connection with other work. 

The typical action of caulophyllum was exhibited in four experiments with 
a 1 to 500 concentration and in a single case with a 1 to 250 solution of the 
evaporated fluidextract. 

Cnictts benedictus was inactive in three cases with the 1 to 500 solution 
and in a single case with the 1 to 100 solution of the evaporated fluidextract. 

Viburnum prnnifolium was inactive in but a single experiment with a 
1 to 500 concentration. 

COMMENT 

The results show that the drugs examined act on strips from the 
human uterus in the same direction as on the guinea-pig. uterus ; but 
that more concentrated solutions are required to produce the same 
effect. They thus strengthen the argument of the previous paper that 
it is highly improbable that these drugs could exhibit a similar action 
on the intact uterus in doses that could be tolerated by the patient. But 
a limited number of drugs of this group, the so-called uterine tonics 
and sedatives, have been examined. But as the results agree qualita- 
tively with those of the previous work on the guinea-pig, it seems safe 
to conclude that the others would have the same action on strips of 
the human uterus as from the guinea-pig uterus, but probably to a 
lesser degree. 

CONCLUSIONS 

The drugs examined act on strips of the isolated human uterus in 
the same direction as on the guinea-pig uterus, but to a much less 
degree. Aletris farinosa, pulsatilla pratensis and oil of valerian depress 
the activity of the strips; Caulophyllum thalictroides throws the strips 
into tonic contraction; Cnicus benedictus and Viburnum pruni folium 
are inactive.' 
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phyllum (Fig. 2) put the strips into tonic contraction, but again the 
action was less than on the guinea-pig; the tone was not increased 
above the maximum, as was frequently the case with the guinea-pig. 
Cnicus benedictus and viburnum were inactive. The latter was tried 
in but a single experiment, however. 

The Experimental Data: With the pulsatilla there was a gradual lowering 
of the excursions with the 1 to 1,000 solution in one case, and from the 
1 to 500 and the 1 to 250 solution in a second. A third strip, was practically 
unaffected by the 1 to 1,000 solution. 
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Fig. 1. — Oil of valerian on a strip of human uterus; at 1 it was applied to 
make a 1 to 50,000 solution. 



/ , -Le> o 

\ 



Fig. 2. — Cauliphyllum thalictroides (blue cohosh) on a strip of human uterus ; 
applied at A to make a 1 to 250 solution. 

With aletris a single strip gradually ceased to contract when placed in a 
1 to 500 and 1 to 250 solution. 

With oil of valerian the contractions of five strips promptly ceased when 
placed in a 1 to 25,000 solution, and the inhibition .was permanent; there was 
•considerable depression from a 1 to 100,000, and a 1 to 50,000 concentration 
in one case. Stronger solutions were correspondingly more active. Three 
experiments were on strips from the fallopian tube, which were also depressed. 
These were the onlv exneriments made on the tube. The larger number of 
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body, and in addition, another set of chemical characters entirely 
belonging to itself and indicated by the structure of the head. 


Place of attachment for 
group by which each 
amino-acid differs 
from others 


y 

1 

NH: — C — COOH 



Amino Acid 

group group 


Fig. 1. — Formula of a decapitated amino-acid. 


Our interest centers mainly, however, on the family body and its 
characteristics. Of these we have already mentioned the basic and 
acid properties combined in the single substance. I would call your 
attention to one other, also dependent on the simultaneous presence 
of amino and carboxyl acid groups, and this is the ability of the amino- 
acids to dovetail themselves together and form molecular chains of 
infinite length. It is this ability which makes possible the existence of 
such complex substances as proteins and protoplasm. We have indi- 
cated in Figure 2 the mechanism by which the linking of the units in 
the chain is accomplished. It represents the coupling of two of the 
amino-acids, alanin and glycocoll. We see that the amino group of 
the alanin condenses with the acid group of the glycocoll, with elimi- 
nation of a molecule of water. The result is that the two amino-acids 
are linked together and form a peptid, alanyl-glycocoll, called a 
dipeptid because it contains two amino-acids. This peptid, however, 
like the original amino-acid, still contains one. free amino group at one 
end and an acid group at the other. It can therefore couple on 
another amino-acid at either end. These could still condense with two 
more, and so on ad infinitum. Protein molecules are chains composed 
of scores or hundi-eds of amino-acids joined together in this way. 


CH 3 H CHa : H 

! /H | 1 : I 

HOOC — C — N +HOOC— C— NH—HOOC— C—NH— CO— C— NH* 

I \H i I : I 

H H H : H 

Alanin + glycocoll — Alanyl — glycocoll 
minus H-.O 

Fig. 2. — Coupling of the amino-acids, alanin and glycocoll, to form the 
dipeptid, alanyl-glycocoll. 


When proteins are hydrolyzed, or digested, by trypsin, for exam- 
ple, the links of the chain are broken apart and we have, first, some- 
what shorter chains, the albumoses; then still shorter chains, the pep- 
tones, which are mixtures of peptids, and finally the separate amino- 



THE PRESENT SIGNIFICANCE OF THE AMINO- 
ACIDS IN PHYSIOLOGY AND PATHOLOGY* 

DONALD D. VAN SLYKE, Ph.D. 

ROCKEFELLER INSTITUTE 

CHEMICAL NATURE O.F THE AMINO-ACIDS 

This discussion is inserted because it will be necessary, for the 
ready understanding of the later parts, that speaker and audience 
shall have in mind from the same point of view two or three signifi- 
cant chemical characteristics of the amino-acids as a class. 

We know, chiefly as the result of the researches of Fischer, 1 
Kossel, and their collaborators, that the amino-acids are the units or 
building stones out of which the protein molecule is constructed. They 
are the final products obtained when proteins are hydrolyzed by strong 
acids, or by the action of pepsin, trypsin and erepsin in the alimentary 
canal. In the characteristic points of their structure the amino-acjds 
are all alike. That is, they belong to a type, and we have only to 
understand the type in order to become fairly well acquainted with 
them all. We have pictured in Figure 1 what may be designated as a 
decapitated amino-acid. It is • the portion of the molecule which is 
common to all the amino-acids, and its formula expresses the chemical 
properties which are characteristic of them as a class. Of these prop- 
erties, the most striking are due to the occurrence in the same molecule 
of an amino group, with a basicity like that of ammonia; and an acid 
group with an acidity like that of acetic acid. Hence from these two 
groups the name, “amino-acid.” The amino and acid groups are 
joined by a single carbon atom, which serves as a bridge between them. 
This structure occurs in every amino-acid. The central carbon atom 
is the center of the entire molecule. It is flanked on one side by the 
amino group, on the other by the acid group, a third valence is occu- 
pied by an insignificant hydrogen atom, while to the fourth, which in 
the decapitated formula is left pointing upward and unattached, is fas- 
tened what we may term the head of the molecule. This is different in 
every amino-acid. It is the source of the individuality of each. There 
are eighteen varieties of such heads, as may be seen by glancing at 
Figure 3, and, corresponding to them, eighteen distinct amino-acids, 
each possessing the common group characteristics indicated by the 

* Submitted for .publication July 11, 1916. 

* Address delivered Jan. 15, 1916, before the Harvey Society of New York. 

1. Fischer, Emil: Untersuchungen iiber Aminosauren, Polypeptide, und Pro- 

teine, Ber. d. deutsch. chem. Gesellsch., 1906, 39, 530. 
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acids. This successive breaking down of the long chain into shorter 
chains and finally into the separate links constitutes the process of 
digestion. The building up of new protein consists of the reverse, 
namely, the linking together of the amino-acids into new chains. 

To show at the same time the nature of the protein structure and 
of the difife rent amino-acids which take part in it, I have placed in 
Figure 3 the structural formula of an imaginary protein containing one 
molecule of each of the eighteen known amino-acids. We see along 
the bottom of the row the repetition of the familiar family body, the 
central carbon atom flanked in each case by the accompanying amino 
and acid groups. Above, however, we have the individual heads of 
the different units in great variety. We might liken the protein chain 
to a long train of automobiles, all with ’small, black, uniform bodies, 
but with tops of eighteen different shapes, and of three different 
colors, according to whether the properties they carry are acid, basic, 
or neutral. It will be noted that among the amino-acids the neutral 
party is in the great majority, which fact accounts in part for the 
approximately neutral reaction of most proteins. 

Whenever a peptid linking in the protein chain is broken by 
hydrolysis, we have at once one amino group and one acid group set 
free. Chemically stated, the hydrolysis or digestion of a protein con- 
sists in the splitting of some or all of the peptid linkings between its 
amino-acids, with the formation of new acid and amino groups in 
exact proportion to the extent of the digestion. In order to determine 
the occurrence and extent of digestion with exactness, therefore, we 
must determine either the amino groups or the acid carboxyl groups 
that are formed by the process. Only by such means can we obtain 
results capable of exact chemical interpretation. The various physical 
methods of colloid coagulation, viscosity determinations, precipitation, 
etc., useful though they have been, are only rough and indirect 
measures of the chemical process which constitutes digestion. For 
a direct measure we must determine either the amino or the acid 
groups which are set free. Furthermore, our only chemical means 
for estimating the complexity of any intermediate product, such as a 
peptone or albumose, lie in determining the ratio between the free 
amino or acid groups which it possesses and those which are found 
after it has been completely hydrolyzed. Thus, the amino nitrogen of 
a dipeptid, composed of two amino-acids, is doubled by hydrolysis, 
that of a tripeptid is tripled, of a tertrapeptid quadrupled, etc. 

All of the above facts concerning the relationship between the 
progress of digestion and the uncovering of amino and carboxyl groups 
were recognized over ten years ago, as soon as Emil Fischer 1 had 
demonstrated the peptid nature of the protein molecule. As the result 
of this knowledge, the desirability for quantitative methods for the 
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with a high degree of accuracy. As compared with the formaldehyd 
titration, the nitrous acid method has the disadvantage that it requires 
a special apparatus. It has several advantages, however, in that the 
readings can be made with a higher degree of accuracy, that the deter- 
« mination is not interfered with by the presence of colored substances 
in the solution, and that accurate results can be obtained with 
extremely small amounts of material. With a micro-apparatus read- 
ings significant to 0.001 mg. of amino nitrogen can be obtained, while 
0.25 mg. is as small an amount as can be determined by the formal- 
dehyd method. Because of these advantages, which were important 
in the conditions under which we worked, we have used the nitrous 
acid method in our own investigations on the fate of protein digestion 
products in the body. 

The table gives an idea of the nature of the results obtained in 
following the course of a protein digestion. It will be noted that 
there is a slight amount of amino nitrogen present before any diges- 
tion has occurred. This is due to the fact that one of the two amino 
groups of the lysin is free in the protein molecule. This was demon- 
strated in our laboratory by Birchard, 5 who showed that in a representa- 
tive series of proteins an amount of free amino nitrogen equal in all 
cases to half the lysin nitrogen could be demonstrated by the nitrous 
acid method. It will be noted in Figure 3 that one amino group in 
the guanidin nucleus of arginin is also free. This guanidin NEL, 
for an unexplainable reason, however, fails to give some of the charac- 
teristic reactions of amino groups in general. It does not react with 
nitrous acid, or with formaldehyd in the Sorensen titration, and 
therefore is responsible for none of the free amino nitrogen that is 
noted in the protein even before digestion has begun. 

Increase of Amino Nitrogen During Tryptic Digestion of 
4 Per Cent. Edestin Solution 



C.c. of N Gas 

Per Cent, of 

Hours 

from 10 C.c. Solution 

Hydrolysis 

0 

1.20 

0 

2 

7.62 

14.8 

4 

8.92 

18.2 

20 

12.62 

27.4 

80 

19.56 

47.3 

Complete 
hydrolysis 
with HCl 

40.25 

100 


The foregoing finishes our discussion of the organic chem- 
istry of the amino-acids and the methods used for their determination. 
We shall now turn our attention to a study of the fate of protein diges- 
tion products in the body. This study has been guided by the concep- 
tion of the relationship between proteins and amino-acids, which I 

5. Van Slvke and Birchard: Jour. Biol. Chem., 1914; 16, 539. 



60 


TIIE ARCHIVES OF INTERNAL MEDICINE 


determination of either amino or carboxyl groups became evident. 
As generally occurs, when the need became clear, the methods were 
invented. As the use of these methods is most intimately connected 
with the experimental work of which I' shall speak, I shall stop here 
for a moment to discuss the two which have found most general 
application. 

The first was published by Soerensen in 1908. 2 It was based on 
the fact, discovered by Schiff, 3 4 that formaldehyde added to the water 
solution of an amino-acid combines with the amino group, and that 
in consequence the amino group loses its alkalinity. As the formal- 
dehyd itself is neutral, the effect of the reaction is to reduce the 
amount of titralable alkali, or increase the titratable acid by an amount 
equivalent to the amino nitrogen present. Soerensen tested this 
method with practically all the known amino-acids, and -worked out 
the details necessary for attainment of the most accurate results. In 
brief, the formaldehyd titration of Soerensen is performed by render- 
ing the solution of amino-acid neutral to litmus, adding formaldehyde, 
and then titrating against phenolphthalein the acid which has been set 
free by the removal of the alkaline capacity of the amino groups. The 
ingenuity and simplicity of this method led to its immediate adoption 
by biologic chemists, and many investigations of value have already 
been conducted with it. 

The second method was published by myself in 1 909: 1 It rested 
on the well-known reaction of amins with nitrous acid, as the result 
of which the nitrogen of the amino group is transformed into nitrogen 
gas. In order to determine the amount of amino nitrogen present, 
therefore, one has merely to add nitrous acid and measure the volume 
of nitrogen gas which is set free by the reaction. The principle is 
similar to that of urea determination by the hypobromite method. 
We were able so to fix conditions that the reaction is complete in 
three minutes. A considerable amount of nitric oxid gas is evolved 
by spontaneous decomposition of the nitrous acid, and this gas is used 
to drive the air out of the apparatus before the amino-acid solution is 
admitted. At the end of the reaction the nitric oxid is absorbed by 
permanganate solution, and the pure nitrogen gas given off by the 
amino group is measured. 

In the apparatus which finally proved the most convenient the 
entire process can be carried out in a few minutes and results obtained 

2. Soerensen, S. P. L. : Enzyme Sludien, Biochem. Ztschr., 1908, 7, 44. 

3. Schiff', Hugo : Ann. d. Chcm., 1900, 348, 59. 

4. The principle of the method and the first form of the apparatus were 
described in the Proc. Soc. Exper. Biol, and Med., Dec. 15, 1909. Details, 
improvements, and applications to micro-analysis have been described in the 
Jour. Biol. Chcm., 1911, 9, 85; ibid., 1912, 12, 275; ibid.. 1913, 16, 121; ibid., 
1915, 23, 407. 
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either before or after entering the intestinal wall, the products encoun- 
ter a third hydrolytic enzyme, erepsin, which is capable of carrying 
the hydrolysis to the stage of amino-acids still nearer completion. 

You will note that the above summary, which indicates the stage 
of our knowledge five years ago concerning the mechanism of protein 
nutrition, stops short against the intestinal wall. This was, as a matter 
of fact, the place where facts ceased and theories began. What hap- 
pened to the amino-acids and peptids after they were absorbed from the 
intestine was not known. Neither amino-acids nor peptids could be 
detected in the blood. As the veteran Pfluger pointed out, the failure 
to detect either amino-acids or peptids in the circulation might well 
be due to a lack of sufficiently delicate methods, for the flow of portal 
blood is so fast that even a maximum absorption of nitrogen might 
cause but a very small concentration in the blood at any given moment. 
Folin, 12 in his classic paper on the theory of protein metabolism, pub- 
lished eleven years ago, took the same stand. In order to fill the gap 
in experimental results, however, other authors proposed two theories : 
(1) The amino-acids are decomposed into ammonia and nonnitroge- 
nous residues while passing the intestinal wall; (2) they are synthesized 
into blood protein. The latter theory, it will be noted, was particularly 
convenient, because it not only explained the failure to find amino- 
acids in the blood, but also gave the source of the blood proteins. It 
was especially championed by Abderhalden. 

The development of adequate methods, however, showed that 
Pfluger and Folin were right, and both of the above explanatory 
theories became unnecessary. The first theory received its death blow 
at the hands of Folin. 13 With the extremely delicate colorimetric 
method for the determination of ammonia which he devised, he was 
able to show that absorption of amino-acids from the intestine is 
accompanied by no increase whatever in the ammonia of the portal 
blood. When put to the rigid test of quantitative experiment, the 
deaminizing ability of the intestine vanished into thin air. 

The fate of the resynthesis theory was similar. The sole founda- 
tion on which it rested was the negative results of attempts to find in 
the blood digestion products, either peptones or amino-acids. As 
soon as quantitative methods, namely, the formaldehyd titration and 
the nitrous acid method, were applied, however, it was shown by 
investigators working independently with each that the blood does 
contain amino-acids and that they increase markedly during digestion. 
This was shown by Delaunay, 11 working in Bordeaux, with the for- 

12. Folin: Am. Jour. Physiol., 1905, 13, 117. 

13. Folin and Denis : Jour. Biol. Chem.. 1912, 9, 246. 

14. Delaunay: These de Bordeaux, 1910; Abstr. Arch. d. mal. de 1’ap. dig-, 
et de la nutr., 1911, 5, 218. 
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have just outlined, and was carried out to a large extent with the aid 
of the nitrous acid method for the experimental investigation of that 
relationship. 

PHYSIOLOGY OF THE AMINO-ACIDS 

At the time these investigations were begun the old Liebig theory 
of protein metabolism had already long been abandoned, and in place 
of it there was considerable confusion. Liebig’s belief was very 
simple. He thought that the food proteins were incorporated directly 
into the tissues of the animal. The only necessary preparation was- 
that of putting the proteins into solution in order that they might be 
absorbed, and this purely physical change was the sole object of diges- 
tion. The better understanding of gastric digestion, Kuhne’s 0 discov- 
ery of trypsin, and finally Cohnheim’s 6 7 * 9 demonstration of the action 
of erepsin in reducing proteoses to amino-acids, led inevitably to the 
conclusion that food proteins undergo not only physical but also chem- 
ical change in the alimentary canal, namely, that digestion is a hydrol- 
ysis, and that the hydrolysis proceeds partially, if not entirely, to the 
stage of amino-acids before the products are absorbed. 

The results of a century of laborious research by many keen inves- 
tigators from Spallanzani and Beaumont to Cohnheim may be sum- 
marized as follows: The proteins enter the stomach and are digested 
to the stage of albumoses; that is, the long protein chain of amino- 
acids is broken into somewhat shorter, but still very long chains, and 
thereby the protein, which is usually insoluble, is transformed into 
soluble albumoses. The latter are not 'absorbed, however. London, s 
working in St. Petersburg, has shown conclusively that no absorption 
takes place from the stomach during normal digestion. The albumoses 
all pass down into the intestine, where they meet the pancreatic juice 
and are split, partly into short chains of two or three amino-acids each, 
and partly entirely to free amino-acids. That free amino-acids con- 
stitute a considerable part of the products of intestinal digestion was 
demonstrated by Abderhalden, 0 who isolated most of the known amino- 
acids from intestinal contents. That the entire mass of products, aside 
from the free amino-acids, consists of short chain peptids was shown 
by White and myself 10 with the nitrous acid method in the case of one 
of the lower animals, the dogfish. This work was done in 1910 at 
Woods Hole. Shortly after, London, by means of the formaldehyd 
titration, obtained results of the same nature with dogs. 11 Finally, 

6. Kuhne: Virchows Arch. f. path. Anat, 1867, 39, 130. 

7. Cohnheim : Ztschr. f. physiol. Chem., 1901, 33, 451. 

S. London: Ztschr. f. physiol. Chem., 1913, 87, 313. 

9. Abderhalden: Ztschr. f. physiol. Chem., 1912, 78, 382. 

10. Van Slyke and White: Jour. Biol. Chem., 1911, 9, 209. 

11. London and Rabinowitsch : Ztschr. f. physiol. Chem., 1912, 74, 305. 
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An equilibrium is reached when, stated very roughly, the tissues con- 
tain about ten times the percentage of amino-acid present in the blood. 
From the fact that they are so much more concentrated in the tissues 
than in blood it is evident that the process by which they are picked 
out of the circulation is not a mere diffusion. If it were, we should 
find approximately equal concentration in both tissues and blood. The 
physical process by which the exchange between blood and tissues is 
carried out has not yet been definitely classified with any of the phys- 
ical or physicochemical phenomena with which we are familiar. Until 
it is explained by such classification we cover our ignorance of the 
real nature of the process by giving it the general name, “absorption.” 





Fig. 4. — The amino-acid content of the blood during fasting and protein 
digestion; average of results from six fasting and six digesting dogs. 

t 

We have now followed the protein digestion products, that is, the 
amino-acids, from the alimentary tract past the wall of the intestine 
into the blood stream and from the blood stream into the tissues. But 
we have yet reached only a temporary stopping place. Most of the 
protein nitrogen in the daily diet of an adult is excreted within twenty- 
four hours as urea; and Levene and Kober 13 found that when single 
amino-acids were fed to dogs they were excreted entirely as urea. It 
is evident that whatever stopping place the greater part of these 
products find in the tissues is only a temporary refuge preliminary to 
their speedy destruction and elimination. 

Present knowledge points to the liver as the organ which is most 
active both in absorbing amino-acids from the blood stream during 


18. Levene and Kober: Am. Jour. Physiol., 1908, 23, 324. 
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maldehyd method, and by Meyer and myself 15 in the Rockefeller 
Institute with the nitrous acid method. The normal amino-acid con- 
centration in the blood of both dogs and men is about that of sugar, 
about 0.1 per cent., and it may in dogs be nearly doubled in the portal 
blood as a result of a heavy protein meal. 

The force of these results was further strengthened by Abel, 
Rowntree, and Turner 10 in their remarkable experiments with vivi- 
diffusion. These experimenters passed the blood of living dogs 
through collodion tubes immersed in salt solution, into which the non- 
colloid substances of the blood diffused. From the diffusing sub- 
stances thus obtained they were able to separate in pure condition 
and identify several of the individual amino-acids. Abderhalden then 
also applied dialysis to blood and was able to obtain most of the amino- 
acids in sufficient amounts to identify them.. 

After entering the circulation, amino-acids disappear from it again 
very quickly. Within five minutes after 12 gm. of alanin had been 
injected into the vein of a dog, 90 per cent, had disappeared from the 
circulation. A similarly rapid removal must occur during digestion, 
otherwise amino-acids would accumulate in much larger amounts in 
the blood 'than we observe. The question then naturally raised itself 
as to what becomes of the amino-acids when they vanish from the 
circulation. Are they decomposed in the blood ; are they at once some- 
where synthesized into new protein; are they chemically incorporated 
into the complex molecules of the tissue protein; or are they merely 
absorbed by the tissues in general or by certain tissues in particular 
without undergoing any immediate change? 

Analysis of the tissues of dogs which had received intravenous 
injections of known amounts of amino-acids answered these questions 
in favor of physical absorption. 17 In one experiment, which will serve 
as an example, the amount of amino nitrogen injected in the form of 
hydrolyzed casein was sufficient, if distributed evenly throughout the 
body, to raise the average amino nitrogen content of the tissues 40 mg. 
per 100 gm. of tissue. The increases actually noted were muscles, 
27 mg. ; liver, 60 mg. ; kidney, 60 mg. ; intestinal wall, 50 mg. That the 
absorbed amino-acids could not have been in even loose chemical com- 
bination in the tissues was shown by the fact that they could be 
extracted by such mild agents as water, hot or cold, or dilute alcohol. 
They must have been held merely by physical forces. 

The tissues, despite the great rapidity with which they absorbed 
amino-acids from the blood, never removed them from it completely. 

15. Van Slyke and Meyer: Jour. Biol. Chem., 1912, 12, 399. 

16. Abel, Rowntree, and Turner: Jour. Pharmacol. Exper. Therap., 1914, 
5, 275. 

17. Van Slyke and Meyer: Jour. Biol. Chem., 1913, 16, 197. 
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and have done so at a rate which was nearly parallel with that of 
absorption. 

Second (Fig. -5), dogs were injected intravenously with such 
amounts of amino-acids that the amino nitrogen content of all the 
tissues was raised considerably. Samples of muscular tissue, a lobe 
of the liver, and a kidney, were taken immediately after the injection, 
and again three or four hours later, the animals being kept under ether 
anesthesia by the Meltzer-Auer insufflation method. It was found that 
whereas the muscles and kidney still held after four hours all the 
amino-acids which they had absorbed, those taken up by the liver had 
disappeared. They had not been excreted, and there was no reason 
for assuming that they had been transferred to any other organ. The 
disappearance of the liver amino-acids was accompanied by a rise in 



Fig. 6. — The blood urea during fasting and protein digestion; average of 
results from six fasting and six digesting dogs. 

the blood urea. The conclusion seemed justified that the liver can 
destroy amino-acids at a rate very much greater than the muscles and 
that at least a portion of the nitrogen of the amino-acids disappearing 
from the liver is converted into urea. 

Third, comparison of Figures 4 and 6 shows that the blood in pass- 
ing through the liver takes from it about as much nitrogen in the form 
of urea as it gives to it in the form of amino-acids. 

All the above experiments emphasize the activity of the liver in 
metabolizing amino-acids, from which it produces urea, apparently the 
most abundant product. 

On the other hand, however, it does not appear that urea formation 
is a process entirely confined to the liver. Folin’s collaborators, Fiske 
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normal digestion and in submitting them to the preliminary chemical 
alterations which precede elimination as urea or storage as reserve 
protein. Figure 4 shows that during digestion there is a greater fall 
in amino nitrogen during the passage of the liver (difference between 
portal and hepatic blood) than during passage through the entire 
remainder of the body (difference between arterial and vena cava 
blood). The liver is the organ to which the portal blood first comes 
with its newly acquired amino-acids and it is the liver that takes the 
lion’s share of them. It follows as a necessary corollary that the liver 
must either store immense amounts of them after a heavy protein meal, 
or must quickly transform them, either into urea for elimination, or 
into reserve protein for storage. 



Fig. S. — The absorption and retention, by different tissues, of amino-acids 
injected intravenously. 


Further experiments have shown that the liver does not store 
amino-acids as such to an appreciable extent. Chemical transforma- 
tion follows very quickly after absorption. This was shown in three 
different ways : 

First, the tissues of dogs in fasting condition were compared in 
respect to their amino-acid content with those of dogs which were 
digesting or had digested large amounts of protein. It was found that 
neither the livers nor other tissues of the fed animals contained a 
definitely greater store of amino-acids than did the tissues of the fast- 
ing animals. The digesting dogs must have either destroyed or con- 
densed into protein practically all the amino-acids which they absorbed, 
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that the very advance guard of amino-acids entering the blood after a 
protein meal is, in part at least, immediately turned into urea. The 
interval between feeding and the beginning of urea formation is so 
short that this conclusion would really be forced on us, even without 
the Roentgen-ray evidence. Unreasonable as it appears, the organism 
does not wait until it has absorbed sufficient protein digestion products 
to meet its immediate requirements, and thereafter begin to turn the 
surplus into urea. The very beginning of absorption stimulates the 
urea forming function into activity. This behavior explains the fact 
that no matter how depleted by disease or hunger the tissues of an 
individual may be, the greater part of the protein nitrogen which he 
may subsequently consume is excreted as urea, only a small portion 
being retained to rebuild the wasted tissues. 

That urea is the form taken by all of the amino-acid nitrogen which 
disappears in the liver does not absolutely follow from our results. 
Pfluger was of the opinion that the liver cells store reserve protein 
from the food, just as they store reserve carbohydrate in the form of 
glycogen. Our results do not at present exclude this possibility. In 
order to do so, we should have to prove that the liver gives out as 
urea an amount of nitrogen exactly equal to that which it absorbs as 
amino-acid, and our experimental technic does not yet enable us to 
say whether or not this is the case. The analytic methods arc adequate, 
but the fact that the amino-acids are held for a certain time before 
they are destroyed and that the urea also may not pass instantly from 
the liver tissue to the hepatic vein makes the striking of an exact 
balance between amino-acid intake and urea outgo a matter of experi- 
mental difficulty which has not yet been overcome. The possibility, 
therefore, remains open, though certainly not proved, that some of the 
amino-acids may be converted by the liver into a form of reserve 
protein which is stored like glycogen. 

A word as to the significance of the free amino-acids which are 
stored as such by the tissues. They normally amount to from 2 to 4 
per cent, of the dry weight of the various organs and might be regarded 
as a form of reserve food. That they are so in the same sense as fat 
and the glycogen, however, is not the case. The reserve food supplies 
disappear during a prolonged fast. This occurs with glycogen and fat. 
It does not occur, even to a slight extent, with the amino-acids. If 
anything, they are slightly more abundant in the tissues of a fasting 
animal than in those of one in a state of normal nutrition. 21 I believe 
that the explanation is that the free amino-acids, in the tissues as in the 
blood, are merely transitory bodies in either the building up or the 
breaking down of body proteins. That all the amino-acids in the 


21. Van Slyke and Meyer: Jour. Biol. Chem., 1913, 16, 231. 
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and Summer, 19 have observed an increase in the blood urea when the 
liver was cut out of the circulation. Nencki and Pavlov 20 in 1893 
showed that a dog deprived of its liver could still form and excrete 
urea, though in decreased amounts. It appears therefore that present 
experimental results may be interpreted by stating that the most active 
center of amino-acid transformation, and of urea formation, appears 
to be the liver, but that the localization of the function is not absolute, 
and these processes also occur to some extent in other organs. 

The next question to be raised is, does the liver, during the diges- 
tion of a protein meal, wait till the other tissues are saturated with 
amino-acids, and then begin to destroy the unnecessary excess, which 
is not needed by the organism, or does it begin to destroy the first that 
reach it in the portal blood? Unreasonable as it may seem, the latter 



behavior is what we observe. In order to test this point urea deter- 
minations were made at short intervals on blood from dogs which, after 
two days’ fast, had received heavy meals of meat. It was found in 
all cases that the urea began to rise almost immediately after the meat 
was consumed. There was no interval of waiting commensurate with 
what might be expected if urea formation were delayed until after 
the tissues in general had replenished their stpre of amino-acids. It 
was furthermore shown by roentgenograms that the blood urea began 
to rise at almost the minute the first particle of food passed from the 
stomach into the duodenum. Since London has shown that no absorp- 
tion occurs until the chyme enters the intestine, our results indicate 

19. Fiske and Summer: Jour. Biol. Chem., 1914, 18, 285. 

20. Nencki and Pavlov: Arch. f. Exper. Path. u. Pharmakol., 1897, 38, 215. 
215. 
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which contained as its sole nitrogenous constituent the corn protein, 
zein. Zein contains no tryptophan. Eighty per cent, of the mice died 
within twenty days. When, however, tryptophan was added to the 
diet, only one fifth of the mice died within twenty days, and most of 
them lived for over a month. Therefore it appeared, as has since been 
more rigidly proved, that tryptophan is one of the amino-acids which 
cannot be made in the body, but must be supplied in the food. 

The study of the nutritional function of the individual amino-acids 
opened by Hopkins’ pioneer investigation has been developed by our 
own chemists, Osborne and Mendel , 24 who have studied the problem 
with a monumental attention to detail in the care, control, and even 
breeding of the rats used as experimental animals, in the accuracy 
with which the chemical composition of the food utilized was controlled, 
and in the wealth of experimental evidence with which point after point 
in the field has been settled. Professor Mendel himself has recently 



Fig. 8. — Effect of adding lysin and tryptophan to a diet deficient in these 
amino-acids. 

discussed the work before the Harvey Society, and it is mentioned 
here only because a paper on the physiology of the amino-acids would 
be incomplete without it. I have reproduced one of the hundreds of 
curves of growth which Osborne and Mendel have published. This 
curve forms, in a way, a connecting link between Hopkins’ work and 
theirs. It shows why the mice which Hopkins fed with zein plus 
tryptophan lived only a little longer than those which received zein 
alone. The rat whose weight curve is shown (Fig. S) received at first, 
like Plopkins’ mice, a diet containing zein plus tryptophan as the sole 
nitrogenous constituents. During this period, although the animal was 
immature and should have been growing, his weight fell steadily. After 
ninety days another amino-acid, lysin, was added to the diet. Zein is 
lacking in lysin as well as tryptophan. The effect of making good both 


24. Osborne and Mendel: Publications of the Carnegie Institution. 
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muscles of a well-nourished animal may have been immediately derived 
from food proteins is easily believable. When, however, after a fort- 
night's fasting we find an equal or greater supply of free amino nitro- 
gen in the muscles, we must attribute the source in this case to autolysis 
of the visibly disappearing tissues themselves. The free amino-acids 
are there, both in blood and tissues, because they are intermediate steps 
in the never-ending processes of the building up and the breaking down 
of living protein. 

We may, perhaps, most easily summarize the facts which have been 
brought out by tracing an amino-acid through the body as follows;. 
Entering the alimentary tract as part of a protein molecule, it is set 
free by digestive hydrolysis and passes into the portal blood stream. 
It may be at once picked up by the liver and decomposed into urea, or 
perhaps synthesized into reserve protein. It may, however, pass by 
the liver and be absorbed from the blood by one of the other tissues. 
Here it may remain for a time before being incorporated into the tissue 
protein. The fact that a considerable store of amino-acids is always 
found in the tissues is proof that chemical incorporation does not 
instantly follow absorption from the blood stream. After a period of 
time, concerning the length of which we are absolutely ignorant, the 
tissue autolyzes, and the amino-acid returns to the depot of free amino- 
acids held by the tissue. From this depot it may pass back into the 
blood, be taken out by the liver, and destroyed. Or it may be reincar- 
nated into a new protein in some other organ. 

We have hitherto dealt with the physiology of the amino-acids 
without any recognition of the differences between the individual mem- 
bers of the family. Whether we are concerned with their condensation 
into body proteins or the manner in which, not being so condensed, 
they are destroyed, the individuality of the different amino-acids plays 
a most important role. 

Let us consider briefly the indispensability of the different amino- 
acids for the nutrition of the body. All of the amino-acids which are 
known to occur in the native proteins enter into the structure of living 
protoplasm. The bacterium can synthesize them all from ammonia 
and sugar. Loeb has recently presented evidence that even lower 
animals, such as the banana fly, can also synthesize all of their amino- 
acids . 23 The higher animals can synthesize some, but must be supplied 
with others. One of the vital questions of physiology today is : “Which 
amino acids can the mammalian body synthesize for itself, and which 
must be supplied ready made to it in its food?” The first even partial 
success in answering this question with experimental evidence was 
obtained by Hopkins 23 of Cambridge, England. He fed mice with food 

22. Loeb, Jacques : Jour. Biol. Chem., 1915, 23, 431. 

23. Hopkins and Willcock: Jour. Physiol., 1907, 35 , 88. 
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first step is the splitting off of the amino group, which yields 
ammonia and a hydroxy acid, a hydroxyl group replacing the amino 
group of the amino-acid. The ammonia is turned into urea. 
The nonnitrogenous substance left after the amino group is split off 
from the amino-acid is a fatty acid, and is dealt with accordingly. 
Varying with their structure, some of the amino-acids yield fatty acids 
which can be converted into glucose by the body, while others do not. 
Nearly the entire series of amino-acids has been tested in this respect 
by either Lusk or Dakin. The substances were either fed to phlorizin- 
ized dogs, whose urine was then analyzed for glucose, into which they 
turn everything that is physiologically capable of being turned into 
glucose; or the amino-acids were perfused through surviving livers 
and the perfusion fluid was analyzed for glucose. The results are indi- 
cated by the plus and minus signs on the line at the bottom of Figure 3. 
The fact that half the amino-acids are glucose formers explains why 
diabetics can form sugar from protein as well as from carbohydrate. 
The fact that acetone bodies are formed from several amino-acids 
explains why diabetics may develop acidosis on a protein diet, or even 
when, living on the proteins of their own tissues. 

The nature of the fatty acid radicals left when the amino groups 
are removed from the amino-acids is also used by Lusk 27 to explain 
the specific dynamic action of the proteins, their ability so to stimulate 
the metabolism that the rate of heat formation in the body is acceler- 
ated. The amino-acids themselves cannot be responsible for this effect, 
because their concentration in the body is so well regulated, presumably 
by the liver, that no great fluctuations ordinarily occur, even after 
heavy consumption of protein. The stimulated heat production which 
Lusk and DuBois have discovered after the feeding of either protein 
or of amino-acids must, therefore, be due to their decomposition 
products, presumably the fatty acids that are formed by deamination, 
and the differences in the heat-stimulating effects of the different 
amino-acids are due to their individual differences, as indicated by the 
varying shapes of their structural heads. 

PATHOLOGY OF THE AM t NO-ACIDS 

We now come to the significance of the amino-acids in pathology. 
The blood and urine have been investigated in regard to their amino- 
acid content for the purpose of ■ diagnosing or explaining pathologic 
conditions which may be divided into two classes : 

1. Those in which the normal function of catabolizing the amino- 
acids is injured. From the view that the liver is especially responsible 
for the conversion of the excess products of protein digestion into urea, 


27. Lusk: Jour. Biol. Chem., 1915, 20, 615. 
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these deficits is shown by the immediate resumption of practically 
normal growth. Osborne and Mendel have proved beyond a doubt by 
such experiments that both lysin and tryptophan must be supplied to 
the higher animals in their food, since neither is synthesized in the 
animal body. A third amino-acid in the indispensable class is cystin, 
and metabolism experiments by Abderhalden 25 indicate that tyrosin is 
a fourth. That future work will answer the question concerning the 
synthetic power of the body for other amino-acids, may be expected 
with confidence. 

That even the higher animals still retain the ability to synthesize the 
simplest of the' amino-acids, glycocoll, is certain. The excretion of 
glycocoll can be stimulated by feeding benzoic acid. Instead of neu- 
tralizing it with ammonia, as it does with most other acids, the body 
condenses benzoic with glycocoll to form hippuric acid, in which form 
it is excreted. Magnus-Levy 20 found that by feeding rabbits large 
amounts of benzoic acid he could make them excrete more glycocoll in 
the form of hippuric acid than they possessed, either free or combined, 
in their entire bodies. This proved that they were able to manufacture 
glycocoll out of other nitrogenous substances. Osborne and Mendel 
have also found in their feeding experiments that glycocoll does not 
need to be fed in order to maintain growth, the rat being able to synthe- 
size the amounts necessary for its growing tissue out of other nitroge- 
nous substances. Whether any of the other amino-acids can be synthe- 
sized like glycocoll is uncertain. The field, the enormous importance 
of which from both the practical and scientific standpoints is self- 
evident, may be said to be still thirteen-eighteenths virgin; concerning 
thirteen of the eighteen amirio-acids we have no conclusive knowledge 
as to whether we can synthesize them in our bodies or must depend on 
plants to furnish' them for us. 

A discussion of the physiology of the amino-acids would not be 
complete without a word also concerning the manner in which those 
not incorporated by the body are broken down and in part cast out (as 
urea), in part burned or stored like fat or carbohydrate for their 
energy. The three men whose researches entitle them to speak with 
most authority in this field are Lusk, Dakin and Knoop. Knoop came 
from Freiburg three years ago to deliver a Harvey Lecture on this 
subject, and, as our city is fortunate in claiming both Dakin and Lusk 
we either have heard or may reasonably hope to hear from them 
both the stories of their own researches. I will, therefore, attempt 
to indicate only in the most general way the manner in which the 
body is believed to dispose of its unincorporated aminctracids. The 

25. Abderhalden: Ztschr. f. physiol. Chem., 1913, 83, 444. 

26. Magnus-Levy: Biochem. Ztschr., 1907, 6, 523. 
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ninhydrin to detect the amino-acids resulting from digestion of the 
specific tissue, an accurate quantitative method were applied. And the 
nitrous acid reaction because of its combined accuracy and specificity 
for amino groups, seemed to offer par excellence such a method. After 
preliminary experiments to ascertain the most satisfactory way in 
which to apply it, we finally settled on the following simple technic. 
Two c.c. of serum are incubated with placenta, as described by Abder- 
halden, and the undigested proteins are then removed by precipitation 
with colloidal iron. A control portion of serum is incubated and pre- 
cipitated in the same way, but without placenta. The amino nitrogen 
is then determined in both protein-free filtrates. The increase in the 
nitrogen gas from the serum plus placenta over the nitrogen from 
serum alone indicates the extent of digestion that has taken place. The 
results could be obtained with great accuracy, and the increases 
observed were many times larger than the experimental error. Con- 
sequently we believed that we were successful in excluding such error 
as a factor in interpreting the results. In order to give the reaction 
the fairest test possible we utilized it only as a test for pregnancy, and 
the controls were normal men and women, not nonpregnant hospital 
patients. We made several hundred analyses, but the nature of all 
the results is completely indicated by Figure 9. Both normal serums 
and serums from pregnant women show a measurable amount of diges- 
tive activity, and the results with both vary over practically the same 
range. A slightly higher average obtained with serums from pregnant 
women may explain the fact that some honest investigators have been 
led to believe that if they could eliminate their own errors they would 
find the reaction all that had been claimed for it. But even the differ- 
ence in averages is not significant, and the individual results from 
perfectly normal subjects cover practically the same range as those 
from pregnant women. 28 Entirely similar results were obtained by 
Isaac Levin and myself 20 in attempting to apply the reaction to cancer 
diagnosis. 

We finally come to attempts to detect by amino-acid determination 
conditions involving impaired liver function. That tyrosin may be 
found in the urine in acute yellow atrophy is the classical fact in this 
field. The more the problem is studied with quantitative methods, the 
more it appears, however, that the liver injury must be extreme before 
it can cause unusual accumulation or excretion of amino-acids. Soon 
'after the nitrous acid method was perfected I determined the amino 
nitrogen in the urine of dogs which Drs. Dochez and Opee had treated 
with chloroform and phosphorus, and was greatly surprised to find no 


2S. Van Slyke, Losee, and Vinograd: Jour. Biol. Chem., 1915, 23, 377. 
29. Levin and Van Slyke: Jour. Am. Med. Assn., 1915, 65, 945. 
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it would logically follow that serious injury to this organ should result 
in a higher amino-acid content of the blood, and perhaps the urine. 
Consequently amino-acids have been sought for by a number of inves- 
tigators both as diagnostic indications and as toxic agents in liver 
atrophy, in conditions which involve visible injury to the liver, such as 
toxemia of pregnancy, and in conditions which are presumably accom- 
panied or caused by decreased liver function, of which diabetes is an 
example. 

2. In the second type of abnormal condition in which amino-acid 
determinations have been called to the aid of the diagnostician, specific 
ferments are supposed to be formed within the body which are capable 
of hydrolyzing tissues of an abnormal pathologic nature, thereby form- 
ing, either in vivo or in vitro, amino-acids from such tissues. The 
action of such specific ferments in vitro on the particular tissues toward 
which their activity is directed constitutes the Abderhalden reaction, 
which has been of late so largely in the public eye. Dr. Losee of the 
Lying-In Hospital, Mrs. Vinograd-Villchur and I have devoted nearly 
a year of time that might otherwise have been valuable to this reaction, 
and I shall consequently devote a moment to it here. 

The Abderhalden reaction is based on the belief that when foreign 
proteins enter the blood stream the body cells elaborate and pour into 
the circulation enzymes which are capable of hydrolyzing the invading 
protein and none other. This idea was extended to include the proteins 
of abnormal tissues produced within the body itself. Thus, the epi- 
thelial cells of the placenta of a pregnant woman are supposed to 
wander into the blood stream and thereby stimulate the production of 
enzymes which can hydrolyze only the proteins of placenta tissue. 
Similarly, cancer cells are supposed to cause the production of enzymes 
capable of hydrolyzing only cancer tissue. The idea has been extended 
by various investigators to such an extent that, to judge from the 
claims made for the Abderhalden reaction, all that is necessary in order 
to settle a difficult diagnosis is to mix a little of the patient’s serum 
with samples of tissue from all the suspected organs of the body, and 
the serum will infallibly pick out and digest the tissue from the affected 
part, leaving the other tissues unaltered. In justice to Abderhalden, 
it must be stated that his claims have never been so sweeping as those 
of some of his satellites. 

A great controversy arose over the Abderhalden reaction, 
some investigators reporting their results . with enthusiasm, while 
others failed entirely, and still others took a middle course and 
utilized the customary safety-first formula to the effect that there 
was evidently something in the reaction, but that results must be 
accepted with caution. It appeared to us that the matter might be 
settled decisively if, instead of the rather uncertain color reaction with 
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increase in the percentage of amino nitrogen, despite the fact that 
necropsy showed extreme liver degeneration. More recently Marshall 
and Rowntree 30 have found that the urine of such dogs, if taken imme- 
diately before death occurs, does show an increase in amino nitrogen, 
and that a still greater increase occurs at this time in the blood. It 
is evident, however, that in dogs at least the liver injury must be most 
severe in order to affect the amino-acid content of the blood or urine. 
That it must be equally severe in man does not necessarily follow. 
Chesney, Marshall and Rowntree 31 report that a considerable propor- 
tion of patients with impaired liver function showed abnormally high 
amino-acid nitrogen in the blood. Consequently, although it cannot be- 
said that the amino nitrogen determination in either blood or urine 
offers at present much assistance to the diagnostician of diseased livers, 
it may be possible that the very constancy of the amino-nitrogen figure 
under almost all conditions will enhance its diagnostic value for such 
conditions as do affect it. 

That advanced diabetes is such a condition has recently been claimed 
by Cammidge . 32 According to his view in the milder stages of diabetes 
the body partially loses its ability to burn glucose, but it can still trans- 
form amino-acids into glucose. In the most severe stage, however, 
it cannot even accomplish the preliminary transformation of amino- 
acids into glucose, but excretes large amounts of them unchanged. We 
have performed determinations of amino nitrogen in both blood and 
urine on a considerable number of patients in Dr. Allen’s diabetic clinic 
at the Rockefeller Hospital and have found that urine from certain of 
the patients does show figures distinctly higher than normal. That the 
high figures indicate diabetes of a special gravity, however, we are not 
yet prepared to state. 

We finally come to the toxemias of pregnancy. Ewing and Wolf 33 
some years ago showed that the urines in such cases had a decreased 
proportion of urea nitrogen and an increase in the undetermined nitro- 
gen. From this, and from the gross injuries which the liver suffers 
during the toxemia, Ewing and Wolf suggested that the intoxication 
might be due to protein digestion products which the degenerated liver 
could not desamidize, and which caused both the toxic symptoms and 
the increase in the undetermined nitrogen of the urine. The methods 
used for urine analysis were the most complete available at the time 
the work was done, and the hypothesis put forward was certainly rea- 
sonable. However, Dr. Losee and I, in examining both the urine and 
the blood from a considerable number of patients with toxemia of 

30. Marshall and Rowntree: Jour. Exper. Med., 1915, 22, 333. 

31. Chesney, Marshall, and Rowntree: Jour. Am. Med. Assn., 1914, 63, 1706. 

32. Cammidge: Lancet, London, 1913, 2, 1319. 

33. Ewing and Wolf : Am. Jour. Obst, 1907, 55, 289. 
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PROGRESSIVE MUSCULAR DYSTROPHY AS AN 
ENDOCRINE DISEASE * 

WALTER TIMME, M.D. 

Assistant Physician to the Neurological Institute, New York City; Consulting 
Neurologist, New Rochelle and Volunteer Hospitals; Visiting 
Neurologist, Randall’s Island Institutions 
NEW YORK 

In the present paper, the author desires to report a somewhat atyp- 
ical form of progressive muscular dystrophy, rather resembling Erb.’s 
infantile type, of extremely benign and slow progress. In the cases 
examined it has occurred as a hereditary affection now in the fourth 
generation. The number of individuals disabled thus far has been 
fourteen. Of the seven living members with the disease, all but two 
have been examined by Roentgen ray, and of these five, four show 
distinct changes in the pineal gland, producing shadows in the roent- 
genogram. The evidence presented by the cases reported in the pres- 
ent paper, together with that of previous communications in this field, 
creates a strong probability of the existence of a close relationship 
between progressive muscular dystrophy and disease of the pineal 
gland. 

In order to understand the evolution that has now placed this dis- 
ease among the endocrinopathies, a rapid survey of the development 
of the syndrome, together with the most important contributions thereto 
in the last few decades, is almost indispensable and is herewith 
included. The cases studied have been placed at my disposal by Dr. 
Pearce Bailey, of the Neurological Institute, and for his valuable sug- 
gestions and actual assistance, I desire to express my appreciation and 
my thanks. 

Historical . 1 — The first observations on muscular atrophies are found 
in Boerhaeve’s Aphorisms (1709), in which Van Swieten mentions the 
involvement of the deltoid and that of the intrinsic hand muscles. 
Later, Charles Bell described syndromes including progressive muscu- 
lar atrophy. But it was reserved for Aran and Duchenne in 1850 to 
give the first good description of progressive muscular atrophy. Fol- 
lowing them, the French physicians called this type of disease “atrophie 
musculaire progressive type Duchenne-Aran.” Shortly thereafter, Cru- 
veilhier, on the basis of a necropsy, stated that the cause of the disease 
lay in abnormality of the spinal gray ; and ever since then the discussion 

* Submitted for publication July 3, 1916. 

1. Muller, Albert: Zur Lehre der Dystrophia Muscularis progressiva, Dissert., 
Kiel, 1902, Surgeon General’s Library. 
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pregnancy, have found in no instance that either blood or urine showed 
an abnormal concentration of amino-acids or of intermediate protein 
digestion products. Consequently, the responsibility for the toxemias 
of pregnancy cannot be left with the amino-acids. I may add that we 
have also tested the hypothesis that acidosis is to blame, with essen- 
tially negative results. We must frankly face the fact that we are 
entirely ignorant concerning the chemical nature of the substances 
which cause these toxemias: 

I must acknowledge the debt to my collaborators, without whom a large part 
of the work would have been impossible. I refer to Dr. Gustav Meyer, who 
collaborated in all the work thus far published, and to Cullen and McLean, 
members of the Rockefeller Hospital staff, to whose efforts are due results that 
have been reported for the first time this evening. 

It is furthermore a pleasure, as well as a duty, to acknowledge my indebted- 
ness to Dr. Levene, for six years my chief at the Rockefeller Institute. The 
work detailed this evening is a direct outgrowth of Levene’s own researches 
on the proteins, was carried out with the constant inspiration of his enthusiasm, 
and help of his counsel, and of his generosity in making available every facility 
which the laboratory afforded, even at times to the delay of his own immediate 
work, the ultimate sacrifice that can be taken from a spirit such as his. 
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atrophic form and a muscular dystrophic form. To this differentiation 
even the Charcot School assented. But even here it did not take long 
to discover that there were transitional forms, and in each group of 
cases intrinsic differences. These depend on the different muscle 
groups first affected, and on the degree and nature of the muscle 
changes. Thus have arisen the many confusing types of the disease, 
and not, as at first thought, distinct diseases. One great work which 
we ought to be thankful to Erb for having done for us is that he 
grouped all these muscular types in one large family, which he called 
dystrophia muscularis progressiva. 3 In this family he included his 
juvenile muskelatrophie, pseudohypertrophie infantile form and the 
hereditary forms. The spinal types he placed under the name “Amyo- 
trophia spinalis progressiva, Duchenne-Aran.” Soon thereafter Lan- 
douzy and Dejerine (1885) described two cases of “atrophie de 
I’enfance” 4 in one of which they obtained a necropsy. To their great 
surprise, they found no changes in the spinal cord, and described the 
case as a new one, differing entirely from the Duchenne-Aran kind. 
They called it “myopathie, type facio-scapulo-humeral,” and a second 
type with “integrite de la face, type scapulo-humeral.” Undoubtedly 
these types are nothing else than the Erb juvenile form, which at times 
involves the face and again does not. 

In the course of time, all observers, Charcot and Marie included, 
agreed to accept this classification of Erb’s : 

1. Dystrophia muscularis progressiva (infantum). 

o. Hypertrophic form 

(1) With pseudohypertrophy , 

(2) With true hypertrophy 
b. Atrophic form 

(1) With primary facial involvement (Duchenne’s infantile form) 

(2) Without facial involvement. Simple atrophic form. 

2. Dystrophia muscularis progressiva juvenum et adultorum. 

(juvenile form) 

It is characteristic of the familial, hereditary forms to exhibit con- 
ditions at times of one of these groups, at others, of another group; 
so that in several generations of the same family individuals will be 
found to conform with almost any one of the types outlined above. It 
is so with the family herein studied. 

TYPES OF THE DISEASE 

Various authors have described atypical forms of muscular dys- 
trophy, that is, they were atypical either in their course or their chron- 

3. Erb, W .: Ueber die juvenile form der progressiven Muskelatrophie, 
Deutsch. Arch. f. klin. Med., 1884, 34, 467. 

4. Landouzy, L., and Dejerine, J.: De la myopathie atrophique progressive, 
Rev. de med., 1885, 5, 81. 
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has waxed hot as to whether the lesion is in the spinal cord or in the 
muscles themselves. A third theory explained it as a trophoneurosis 
(Remak, Schneevogt, Jaccoud), with disease of the sympathetic system 
as a basis. This idea was soon given up. As histologic technic 
improved and positive findings in the spinal cord increased, the sup- 
poi ters of the myelopathic character of the disease seemed to carry the 
day (Luys, Hayem, Jaffroy and especially Charcot). Charcot, as a 
result of many investigations, declared the large multipolar ganglion 
cells of the anterior horns to be the trophic centers of voluntary muscles 
and that in their alterations the cause of atrophic muscle disease was to 
be found. Duchenne himself, although originally arrayed on the side 
of the myopathic nature of the trouble, came around to Charcot’s view. 
So likewise Erb. In spite of the fact that most neuropathologists 
agreed with Charcot, Friedreich opposed him. In his monograph 2 of 
1873 the latter defended the myopathic nature of the trouble in many 
cases. Thus, he stated that as a result of successive extreme exertions 
in the same muscle groups, especially in a constitutional diathesis 
weakening the muscular system’s resistance, the atrophies occurred. 
He described cases following shortly after typhus, typhoid, measles, 
acute rheumatism, cholera and even after the puerperium, and there- 
upon declared the condition to be one of “polymyositis chronica pro- 
gressiva.” The changes in the anterior horn cells he considered 
secondary to the muscle deterioration. But the majority of necrologists 
stood behind Charcot. Then in 1878 Lichtheim presented a case with 
high-grade atrophy of great extent in which no cord changes were seen 
at all, nor were any evident in the peripheral nerves. Therefore, he 
came to the necessary conclusion that changes in the anterior horn cells 
are not a sine qua non of the condition, and further, that Charcot’s 
theory could not be the true one. Charcot’s preeminence, however, 
still carried the day. Finally, more recent investigators, after care- 
fully separating all conditions that resembled the progressive muscular 
atrophies, such as poliomyelitis, chronic multiple neuritis, atrophies 
with joint lesions, syringomyelia, and so on, from them, two distinct 
types remained; those that did show spinal cord changes, and those 
that did not. In 1876 Leyden proposed to separate hereditary forms, 
on account of their etiology and the localization of the atrophies (pelvic 
girdle), from the Duchenne-Aran type, and at the same time he showed 
their resemblance to the hypertrophic type. Lastly, Erb, in 1882, on 
the basis of a vast variety of cases personally examined by him, 
declared that there were two distinct types of progressive muscular 
atrophy, different in their syndrome, localization, evolution, and in their 
objective behavior, as well as in their anatomic foundation, a spinal 


2. Friedreich, N.: Ueber progressive muskelatrophie ; iiber wahre und falsche 
Muskelhypertrophie, Berlin, 1873. 
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shoulders or flattening of the chest. Fibrillary twitching was rare, 
only once in fact. There was in the skin occasionally loss of pigment 
or abnormal coloring. Of the eleven who died while under Barsickow’s 
observation, one was over 80 years of age, four over 70 years, three 
over 60, one 58 and two 33. So that the disease apparently did little 
to cut short their lives. 

Taking up Barsickow’s individual cases, those that showed symp- 
toms seemingly not accounted for in the usual syndrome of dystrophia 
musculorum progressiva, we see in his Case 1 the complaint of rheuma- 
toid pains in many parts of the body, dirty brown pigmented skin and 
patches of vitiligo. Case 19 was that of a woman of 40 in whom the 
fingers and toes easily fell asleep and got cold, white and waxy in the 
winter. Case 7 was that of a woman in whom the disease began at the 
menopause. 

The reason I mention the above symptoms, which in the light of our 
present knowledge are referable to a disturbed autonomic nervous 
system with inclusion of the endocrine glands, is that the theory of 
Remak, Schneevogt, Jaccoud, and Dumenil relative to the dependence 
of the affection on such disturbance of the vegetative system has now 
been shown to have some foundation. 

The microscopic examination of the muscle fibers in Barsickow's 
cases showed changes in the muscle fibrils, some of ‘which were much 
thickened, while between the primitive muscle bundles were many fat 
cells and connective tissue. The skin spots appeared in the neighbor- 
hood of recently affected muscles. In three cases with necropsy there 
was no abnormality of the nervous system demonstrable, and yet the 
author inclined to the idea that the disease is of a “vasomotor-trophic- 
nerve character.” The Barsickow cases undoubtedly belong to the Erb 
juvenile and adult types. 

In Friedreich’s group of cases the disease was early in appearance, 
rapidly progressive, and fatal. Friedreich 0 published the cases of four 
brothers whose mother was unaffected by the disease, but two of whose 
maternal uncles died of it in their 15th and 16th years. The brothers 
cited died at 5, 6, 12 and 16 years of age. Intellectually they were all 
well advanced. The affection began in the weakness of the lumbar 
muscles, with constantly increasing difficulty in arising from a sitting 
posture. Muscular atrophy began in the muscles on each side of the 
spine at the same time. There then arose a difficulty in raising the 
arms to the shoulders on both sides. One of the victims died of suffo- 
cation from an asthmatic bronchial attack. In this series of cases the 
rapidity of the course to a fatal termination is the characteristic. The 
necropsy showed, among other atrophies/ that the pectorals were 


6. Friedreich, N. : Progressive Muskeiatrophie, Berlin. 1873. 
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icity, or else in the groups of muscles affected or in the intensity of 
such impairment; in the presence or absence of contractures; in the 
slow or rapid involvement of the entire skeletal structure, together with 
the muscular, making of the patients helpless cripples, and ending in 
death in a comparatively short time. Some of these important types 
it may be well here to describe and classify, so that their important 
characteristics may serve to differentiate them at the same time from 
the group of cases which I propose to submit further on in this paper. 
It will also be noticed that as we progress the recent authors show 
more and more marked a tendency to include symptoms referable to 
the sympathetic nervous system, including the endocrine glands. 

Barsickow’s group is late in appearance, slowly progressive and not 
fatal. It was the first group of great importance, studied by Barsickow 5 
in 1871, and consisted of twenty-four cases occurring in two families 
from one ascendent through five generations. This series resembles 
most closely the series herewith to be presented, and yet differs from 
it in noteworthy particulars. It is presented in extenso for its impor 7 
tance. A composite picture of Barsickow’s cases showed that the 
members of the widely scattered families in which they arose were as 
a rule in good health and lived to be old. The greatgrandfather had 
only a stiffness in gait and carriage, and yet twenty-three of his 
descendants (five out of seven of his immediate children) showed 
muscular disease, not only in function, but also in muscle volume. 
The members seem to have been attacked without rule, seemingly 
showing some predisposition in heredity. The children remained 
healthy if the parents were unaffected, and there were an equal number 
of males and females attacked. The cause of the original incidence, 
Barsickow states, was probably lead poisoning, for this original grand- 
father was a typesetter and had had many attacks of lead colic. In 
some cases chlorosis, cholera and varioloid acted as preceding agents 
conducing to the development of the trouble. The onset in seventeen 
of the cases was at the following ages: five between the ages of 10 
and 20, seven between 20 and 30, and five later in life. 

It was ushered in by almost simultaneous affection of both an 
upper and lower limb, or both upper and lower limbs. The serratus 
anticus was among the first muscles to cause trouble. The most Pf° mi 
nent symptom was the disturbed muscular function; in the mi es 
cases being stiffness and rapid exhaustion, going to absolute para ys is 
of single muscles, or entire groups in severe cases. The invo v ^ me ^ 
was symmetrical. In most of the cases the diseased muse es gra _ 
disappeared or atrophied, and hypertrophy was very rare. . req e 
there was a lordosis with winged scapulae, with piotiusion 


S. Barsickow, Hermann: Zwei Familien mit Liponiatcsisinus^^^ 
gressiva, Dissert., Halle, 1872, Surgeon General’s Library, W 
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lary twitching. The following muscles are almost constantly affected ; 
pectorals (except the clavicular portion), cucullaris, latissimus dorsi, 
biceps and brachialis anticus and the long supinator. The glutei are 
weak and calves large. The disease lasts from 20 to 40 years with 
periods of quiescence. He states that this juvenile form is identical 
with Friedreich’s hereditary progressive muscular atrophy. These 
latter forms belong in the same group with pseudohypertrophy. 

In one publication, 8 Erb gives the results of the examination of 
the available pathologic material of all these forms and says in sum- 
marizing that all the noticeable changes are in the muscle fiber chiefly, 
from an increase in volume to absolute disappearance of the muscle. 
There is an increase in the muscle nuclei' and these are both normally 
and abnormally placed. There are clefts in the long axis of the muscle 
between the muscle fibers and an increase of connective tissue is found 
with a later deposit of fat cells and a thickening of the vessel walls. As 
a result of the identical pathologic findings in all forms of this elusive 
muscle disease, he proposes the classification of all these forms as types 
under the generic term of dystrophia musculorum progressiva. This 
classification has already been given earlier in this paper. 

Among other types the next cases of importance in the development 
of the semeiology of the disease were reported by Prager. 9 Here the 
patients, two in number, were children of first cousins, who themselves 
were free of the disease. The importance of the citation of one of 
these cases is in the fact that while the patient, a woman of 48, had 
always had a waddling gait and a difficulty in going upstairs, yet after 
her first puerperium, which lasted three months, the difficulty in walk- 
ing was so intensified that she needed support. Her muscular system 
gradually underwent the usual atrophies in the pectorals, latissimi, 
trapezius, rhomboids, biceps, deltoids, triceps and supinator longus; 
but these atrophies were disguised by masses of fat in the arms and 
legs. To these physical signs, however, were appended the statements: 
(1) the patient was easily excited and then developed a tremor; (2) 
there was difficulty in deglutition for fifteen years; (3) dyspnea in cold 
weather and (4) increase in stools, further on is the remark that the 
patient had a “struma” on the neck and complained of urticaria. 
That is, she was a hyperthyroid subject. We shall find as we go along 
in the analysis of the symptoms as presented by the author frequent 
indications of disturbance in the endocrine system. In all probability, 
had such indications been then understood, there would have resulted 
a far wider range of symptoms in the muscular dystrophies; for what 
to the older observers probably appeared negligible in this regard, 
now assumes great importance. We shall see how more and more often 


9, Prager, M.: Dystrophia musculorum progressiva, Dissert., Erlangen, 1891. 
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reduced to thin grayish-red, skin-like lamellae, through which the ribs 
showed. 

In Gowers’ group the disease was early in appearance, rapid in 
progress, and was fatal in adolescence. Gowers^ in a clinical lecture 
in 1879 reported four brothers, aged 9, 10, 5 and 3 years, all affected, 
whose parents were both healthy, but whose maternal uncle died at 
15 of a wasting muscular disease. These patients had a little difficulty 
in putting their feet down on the floor on account of a tense, shortened 
Achilles tendon. The extensors of the knee and hip were weak; the 
flexors of the hip were feeble. The latissimus dorsi and the lower 
part of the pectorals were gone. There were no sensory changes, the 
knee jerks were absent and there was a marked lordosis. The upper 
limbs were weak, although they moved freely. Gowers reports that out 
of 220 cases that he collected from the literature, 190 of the patients 
were male and thirty were female. While he mentions Barsickow’s 
cases, yet he excludes them from his statistics, because they were all 
of the adult type. Some generalizations from these 220 cases are 
drawn by Gowers: (1) the disease almost never is heard of on the 
side of the father; (2) the age of onset is an etiologic factor of great 
importance and occurs in the worst cases before the 6th year, the 
more severe the case, the earlier it begins ; (3) occasionally the disease 
follows physical injury ; (4) shortening and permanent contractions of 
certain muscles lead to distortions in the positions of the joints; 
especially contraction of the calf muscles, leading to inability to place 
the heels on the floor; (5) the patients lose the power of standing at 
10 or 12 years of age, and death comes on between 14 and 18 years ; 
(6) of diagnostic importance is not the actual muscular enlargement, 
but the distribution of the muscular disease, especially the wasting of 
the lower pectorals and the latissimus dorsi; (7) the later the appear- 
ance of the disease, the more slowly it advances ; the older the patient, 
the better the prognosis. 

The commentary on these cases is that some of the conclusions, 
especially the last, are quite contrary to our type of the disease to be 
described hereinafter. 

Erb's 8 types are of the accepted classification of progressive muscu- 
lar dystrophy. In one of the publications of Erb 3 he gives a general 
description of the juvenile type of the disease, saying that it begins 
always before the 20th year and usually with atrophy of the upper 
arms and shoulder girdle muscles and is often combined with hyper- 
trophy. There are no reactions of degeneration and no muscular fibril- 

7. Gowers, W. R.: Pseudohypertrophic Paralysis, Clinical Lecture, London, 

1879. . . ^ , . 

8. Erb, W. : Dystrophia musculorum progressiva, Deutsch. Ztschr. f. 
Nervenh., 1891, 1, 173. 
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the medullary cavity very small. The sister had a stiffness in all the 
joints of the body, with atrophy of the bones. Schultze states that he 
had found only two other instances in the literature in which was 
found bone atrophy with muscular dystrophy, one a case of Fried- 
reich’s and the other Le Gendre’s. 10 In all these cases the atrophy was 
a concentric one of the long bones with no diminution in the length. 
In Le Gendre’s case there was also an undue hypertrophy of the geni- 
tals, with an enlarged prostate gland in a youth aged 20; while Fried- 
reich’s case showed infantilism in the sexual organs, voice and facial 
expression. The necropsies in Schultze's cases showed no apparent 
changes in the spinal cord, not even in the ganglion cells, and he there- 
fore concludes that we must look elsewhere than in the nervous system 
for the cause of this “riddle-like disease,” and advises us that we 
cannot neglect the theory of predisposition, with accidental factors 
superimposed, such as overstrain, trauma, underfeeding, infection and 
intoxication. 

O. With 17 published a familial type of the disease affecting three 
boys in one family and sparing the four girls. What interests us in 
these cases is the involvement of the tonsils, which were hypertrophied, 
a chronic angina, a hypertrophied lower jaw, with difficulty in mastica- 
tion and deglutition. 

An article' of extreme importance on account of the cure of the 
patient, by Marina, 18 describes a case of a girl of 8 y 2 years of age, 
who had all the signs of a beginning dystrophy with hypertrophic del- 
toids and gastrocnemii and so weak in the shoulder girdle group that 
she could barely lift her arms horizontally. He lost sight of her for 
five years ancl then she appeared again entirely well and cured. The 
author corresponded personally with Erb in this matter, questioning 
him as to whether a patient with muscular dystrophy had ever in Erb’s 
experience been cured, or whether he had ever seen “formes frustes” 
of this disease. Erb replied that he had never seen a single case of 
“formes frustes” — they had all been progressive — but that he had seen 
one single case of cure in a young English girl. Erb and Marina agreed 
that the cure in both of these cases was to be credited to the normal 
evolution of the patient; presumably to the fact that following the 
beginning of menstruation, normal development of the internal secretion 
succeeded, a most pregnant idea in the light of our present knowledge 
of the interrelation of the ovaries with the other endocrine glands. A 
fitting companion piece to the above is the case of Levi and Rothschild 13 

16. Le Gendre; Gaz. med. de Paris, 1860, 15, 365. 

17. With, Otto: Eine farailiare atypische Form d. Dystroph. muse, prog., 
Dissertation, Freiburg, 1906, Surgeon General's Library. 

18. Marina, Alessandro: Gibt es Formes Frustes d. muscularen Dystrophy? 
Deutscli. med, Wchnschr., 190S, 34, 1087. 

19. Levi and Rothschild: Rev. neurol., 1907, 15, 613. 
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in later years investigators have described conditions present in progres- 
sive muscular dystrophy, apart from the actual muscle changes, that 
are seemingly part of the disease process; which conditions have 
received but scant reference in the earlier works, presumably because 
they seemed so utterly adventitious. So Hahn 10 states that skeletal 
anomalies are often'seen and the idea is now that these are part of the 
condition of progressive muscular dystrophy; and he cites Friedreich 
that bone atrophy is not secondarily due to disease of the bone through , 
immobility of the joint, but to nervous and trophic influence. Eulen- 
berg 11 had a case which was combined with acromegaly. Hahn’s con- 
clusion is that because so many cases show bony changes, there may be 
some connection between the two. 

Bregman 12 cites cases in which together with a “facies myo- 
pathique” there was difficulty in looking up and in closing the eyes; 
inequality of the pupils and of the palpebral fissures. This is interest- 
ing from the fact, to be shown from our own cases, of the frequent 
involvement of the pineal gland; in which condition just such eye 
muscle difficulties arise (Bailey and Jelliffe 13 ). Bregman’s cases fur- 
ther showed internal glandular disturbances as follows: 'In Case 1 the 
patient could not close the eyes properly and had nyctalopia ; also there 
was intense sweating of the extremities with cyanotic hands and a 
pulse of 100. In Case 2 there was marked prognathism, the upper teeth 
standing prominently forward ; the skin was mottled like marble. In 
Case 4 the hands and feet were livid ; there was large skeletal develop- 
ment of the hands and feet in contrast to the rest of the skeleton, and 
marked protrusion of the upper jaw. In Case 5 there was extremely 
large body growth. In these cases there is manifestly disturbance of 
both pituitary and thyroid glands. 

Cestan and Lejonne 11 publish two cases with contractures and state 
that it is banal to say that contractures accompany all forms of progres- 
sive muscular dystrophy, but that ordinarily contractures are slight and 
rarely sufficiently marked to alter the general attitude of the myopathic 
patient. Schultze 15 presents two cases, both with necropsy, of brother 
and sister; in the former there was a thinning of the long bones, the 
humerus being thinner than the middle finger of a normal hand, and 


10. Hahn, F.: Ueber d. Auftreten v. Contracture bei Dystrophie, Deutsch. 
Ztschr. f. Nervenh., 1901, 20, 137. 

11. Eulenberg: Deutsch. med. Wchnschr., 1896, 22, 458. 

12. Bregman, L. E. : Ein Casuistischer Beitrag z. progressive Muskelatrophie, 
Deutsch. Ztschr. f. Nervenh., 1899, 14, Cases 3 and 4. 

13. Bailey, Pearce, and Jelliffe, S. E. : Tumors of the Pineal Body, Ihe 

Archives Int. Med., 1911, 8, 851. , . XT . „ 

14. Cestan and Lejonne: Une myopathie familiale avec retractions, Nouvelie 

Iconograph, d. I. Salpetriere, 1902, 15, 38. , , 

15. Schultze, Fr.: Ueber Combination v. famil. progress. ^ ™dohypertr. d. 
muskeln m. Knochenatrophie, Deutsch. Ztschr. f. Nervenh., 1898-1899, 14. 
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that all of the patients had also exophthalmic goiter. Collins 'and 
Climenko, 24 among their numerous cases, make mention of the general 
growth anomalies in several, apart from the general muscular dys- 
trophy. Thus, one patient had a general adenitis with abnormal teeth, 
especially the incisors, and undescended testicles. Another one had 
spongy gums, poor and irregularly placed teeth, a high arched palate, 
long uvula with large tonsils ; at the age of 14 this patient was under- 
sized and had as yet no signs of puberty. 

• Other authors report the presence of anomalies in the skull with 
asymmetry. Seegard in 1905, on the basis of twenty-one cases, dis- 
puted the hereditary factor in the etiology and claimed the entire 
process to be a metabolic one. 

M’Crudden and Sargent, 25 in a careful laboratory study of a case 
of progressive muscular dystrophy, showed that a condition of hypo- 
glycemia probably underlay the great muscular fatigability. On 
account of the close relationship between hypoglycemia, muscular 
asthenia and deficiency of the suprarenals and hypophysis, epinephrin 
and pituitary extract were administered with resulting improvement in 
health, strength and weight. 

DISCUSSION OF PATHOGENESIS 

We see that the more recent investigators have severally and indi- 
vidually been approaching a position regarding progressive muscular 
dystrophy whose supports are disturbances in the endocrine glands, 
and have begun to consider the actual muscular disturbances merely 
as incidents in a widespread affection. And indeed, when we consider 
the converse of the -proposition, namely, that known endocrine glandu- 
lar disturbances, especially those of the pineal gland, have produced 
in the muscular, bony, and vasomotor systems conditions very similar 
to those found in the muscular dystrophies (although not all at one 
time in any one patient), we must accept some causal relationship 
between the two. It may be here not amiss to cite, among many obser- 
vations, some of those that bear directly on this latter proposition. 
First and foremost is the contribution of Bailey and Jelliffe 13 on tumors 
of the pineal gland. In their own case, one of the prominent symp- 
toms, and one for which the patient originally sought relief, was diffi- 
culty in walking. The several examinations disclosed a hypotonic 
condition of the muscles of the legs. Furthermore, the patient had 
grown fat rapidly. In some of the cases appearing in the literature of 
pineal gland tumors, cited by Bailey and Jelliffe, symptoms and signs 

24. Collins and Climenko: Clinical Study of Fifty Cases of Muscular 
Dystrophy, Post-Graduate, 25th Anniversary Number, 1908. 

25. M’Crudden and Sargent: Hypoglycemia and Progressive Muscular 
Dystrophy, The Archives Int. Med., 1916, 17, 465. 
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of a myopathic atrophy which showed considerable improvement on 
pituitary extract. 

Henri Claude 20 in 1908 described a case of familial progressive 
muscular dystrophy of rather different character from the usual in 
that the patient had asymmetrical atrophies, more marked on the right 
side. Besides the muscular condition, the bones on the right side were 
less developed than on the left side, as shown by roentgenogram, and 
there were -vasomotor changes particularly evident in the right hand, 
with perspiration and cyanosis. In cold weather the patient could not 
use this hand on account of the disability thereby occasioned. The 
temperature of the right hand was constantly lower than the left and 
the sphygmomanometric pressure was also less on the right side. 
Claude drew the conclusion from these findings that the whole disease 
picture, does not embrace merely the muscular difficulty, but includes 
as well the central or peripheral nervous systems. 

Jendrassik 21 after citing the cases of Marina and Erb, above men- 
tioned, in which a seemingly spontaneous cure had been accomplished 
in muscular dystrophy coincident with adolescence, presents two some- 
what similar cases, of which the one was a true progressive dystrophy. 
This patient was a girl who, just before puberty set in, had had the 
dystrophic process cease, and then after menstruation had been estab- 
lished became entirely cured, even to the return of the knee reflexes. 
There had been a precocious body growth between the 10th and 11th 
years, in which the breasts had participated, growing to a mature size. 

Von Werdt 23 describes a case with necropsy, which arose in a 
woman at the advanced age of 46 and was not familial. It came on 
after a first pregnancy complicated with phlebitis. She became imme- 
diately bed-ridden, and remained so until her death at 63 years. The 
postmortem examination showed, besides the usual muscle condition, 
changes in. the thyroid, which had developed a large colloid struma 
with but a little functionating tissue, a small tumor in the spleen, 
softened suprarenals, small pancreas, somewhat atrophic ovaries and 
small fatty deposits in the liver. This case is interesting and suggestive 
as having developed after a disturbance of the ovaries due to a late 
first pregnancy. 

Boveri 23 described several members of a family afflicted with 
muscle dystrophy in which some of the muscles had been entirely 
replaced by fibrous tissue or fatty tissue, and thought it remarkable 


20. Claude, Henri : Dystroph. muscul. progressiv. familial, L’encephal, 1908, 

Part 2, p. 512. . , _ . t « 

21. Jendrassik, Ernst: Gibt es heilbare Falle von Distrophie. Deutsch. med. 

Wchnschr., 1909, 35 , 830. , . 

22. Von Werdt, Felix: Ein Fall v. Dystroph. musculor. progressiva m. 

Sektionsbefund, Ztschr. f. Pathol., 1908-1909, 2, 577. _ 

23. Boveri, P. : Nevrite hypertroph. familiale, Semaine med., lylU, » 
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Of interest is Zenner’s 29 patient, who developed marked contractures 
in both arms. Von Hoesslin 30 describes a patient with pineal tumor, 
who, although he had no paralysis, did develop extreme weakness of 
the lower extremities so that they could no longer support him. 
Hempel 31 observed a patient who developed general muscular weak- 
ness, and later became bedridden on account of contractures in the 
extremities, so that he was almost unable to move hand or foot. He 
lay in bed all drawn together. Joukovsky 32 describes an infant of 6 
days with pineal cyst who had contractured arms. Marburg’s 33 patient 



Fig. 2. — Manner of arising from the floor; climbing up on thighs. 


29. Zenner: A Case of Tumor of the Pineal Gland, Alienist and Neurol., 1892, 
13, 470. 

30. Von Hoesslin, R. : Tumor d. Epiphysis Cerebri, Munchen. med. Wchnschr., 
1896, 43, 292. 

31. Hempel, K. : Ein Beitrag zur Patholog. d. Glandula Pinealis, Inaug. 
Dissert, Leipzig, 1901. 

32. Joukovsky, V.: Hydrocephalie et tumor d. 1. glande pineale, Rev. mens, 
d. mal. de l’enf., 1901, 19, 197. 

33. Marburg, O. : Zur Kenntniss d. Histologie d. Zirbeldurse, Arb. a. d. Neurol. 
Institut, 1909, 17, 217. 



90' THE ARCHIVES OF INTERNAL MEDICINE 

are disclosed that are interesting to us now in the light of the findings 
in progressive muscular dystrophy. We quote some of these. Mas- 
sot s _0 patient complained that his leg could not support him. Feil- 
chenf eld’s 2 7 patient showed great weakness of the lower extremities 
with much loss of motor power. One of Nothnagel’s 28 patients had 
a very marked disturbance in gait of a waddling character and the gen- 
eral bodily musculature was weak, and although the man was large 
and seemingly strongly built, he had much fat deposited throughout. 



Fig. 1.— Attitude at rest, standing, showing the contractions at the elbow and 
phalangeal joints; the disparity between fairly normal calves and atrophied 
thighs; also the leaning forward of the head and the retraction of the chest. 


26. Massot, M. : 
med., 1872, 10 , 373. 

27. Feilchenfeld, 


Note sur un Cas de tumeur cerebrale avec polyuria, Lyon 
L. : Ein Fall v. Tumor cerebri, Neurol. Centralbl., 1885, 


4 409. 

*28. Nothnagel, H. : Geschwulst d. _ Vierhiigel, Hydrocephalus abflissen von 
cerebralflussigkeit durch die Nase, Wien. med. Bl., 1888, 11 , 162. 
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Taking up at this point the manifestations of disease of the pituitary 
gland, we find it almost banal to refer to the changes in bony struc- 
ture caused in this way . 37 Especially in hypopituitarism do we see, 
combined with fatty development and weak musculature, underdevel- 
oped bony tissue 3S with rarefaction. Insufficiency of the suprarenals 
produces great fatigability in the muscular system ; 30 thyroid insuffi- 
ciency, through its effects on metabolism, produces occasionally changes 
in joints leading to their immobility and to contractures in the muscles 
and tendons controlling them. 



Fig. 4. — Contractions in the tendons of the arm, the picture giving the extreme 
limit of extension of the arms and hands possible. Note also the pouting of the 
lips with a suggestion of the “facies myopathique." 


By combinations of these disturbances many of the symptoms 
exhibited in the cases of progressive muscular dystrophy might be 
produced. It is highly suggestive that the variations in this most 
elusive disease, which are enlarged on by almost every investigator, 
have given rise to almost as many types or forms of the disease as 

37. Cushing,- H. : The Pituitary Body and Its Disorders, 1912.- Timme, W. : 
Pituitary Disease, New York Med. Jour., 1915, 102, 801. 

38. Timme, W. : A Case of Polyglandular Insufficiency with Akroinikria, 
Boston Med. and Surg. Jour., 1915, 172, 82S; Conferences of New York Neuro- 
logical Institute. 

39. Cannon, W. : Bodily Changes in Pain, Fear, Hunger and Rage, D. Appleton 
& Co., 1915. 
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Kollarits 40 ). The muscles show a large amount of fatty tissue between 
the muscle fibers, and a few of the muscle fibers with rounded ends. 
The width of the muscle fiber varies from the normal and the muscle 
nuclei are increased in number, and are grouped together. There is 
splitting and vacuolization of the muscle fibers and entire disappear- 
ance of certain muscles. At times the entire muscle seems to be a 
gray, fatty mass (Schaedel 47 ). The bony changes are at times 
atrophic in character and at times hypertrophic (Eulenberg 11 ). 

We can certainly say that postmortem evidence points to a meta- 
bolic disturbance. But metabolism in the body is so closely interwoven 
with the activities of the internal glandular system and the vegetative 
nervous system that they can hardly be considered apart. 





Fig. 6. — Roentgenogram of the forearm and hand, showing the thinness of 
both ulna and radius and of the phalanges (Patient 24, Fig. 11). 


AUTHOR"’ S TYPE OF FAMILIAL PROGRESSIVE MUSCULAR DYSTROPHY 

It has been my good fortune to observe several members of a large 
family during the past year who were affected with a type of progres- 
sive muscular dystrophy rather resembling the classic Erb’s juvenile 
form, but differing from it in some particulars. The family tree is 
herewith given (Fig. 11). The onset and progress of the disease are 
graphically described by one of those afflicted, a highly intelligent 
graduate student of one of our foremost universities, and I cannot 
do better than to give his own description of this insidious affection: 

The muscular disease which afflicts our family is similar in all the cases I 
have investigated. In my own case the trouble appeared at the age of 3, and 
was noticed by my peculiar method of arising from the floor. The same difficulty 
was observed in my brother and my sister during early childhood. A general 
lack of development of the muscles throughout the body marks our disease; 


47. Schaedel, Wilhelm: Zur Lehre v. d. Dystrophia musculorum progressiva. 
Dissert., Kiel, 1909. 
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Of the fourteen members of the family through three generations 
who were affected, six have died, at the ages of 88, 73, 71, 69, 64, and 
53. Of those living, three are 69, 66, and 64 years old, while the rest 
are of the present generation in the teens or twenties. That is, the 
span of life seems rather to be above the average. In this regard, the 
affection differs from most of those heretofore cited. Gowers, 5 out of 
a study of 220 cases that he collected, declared that the earlier the 
disease begins the more severe it is, its usual onset being before 6. 
Out of thirty of his own patients, twenty-four died between 10 and 



Fig. 8. — Roentgenogram of skull of Patient 26 (Fig. 11), a youth 21 years of 
age, showing shadow in the pineal region. 


20; and the oldest lived to be only 40. He also gave the predominant 
male to female ratio of 190 to 30. In our cases, nine were male and 
five female. Barsickow, 5 in his study of twenty-four cases, while 
giving an age at death closely approximating ours, yet declared the 
onset in all of seventeen known cases to be after the 10th year and 
mostly between the 20th and 30th years, truly an adult type. So that 
our cases differ from these two types in the combination of an early 
onset and a long, rather benign course. 
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he complains of no pain whatever excepting at times “rheumatic” pains 
in the joints. This soreness in the joints all the affected members of 
the family experience. Those unaffected with the dystrophy do not 
have the joint pains. 

There are no signs of involvement of any of the cranial nerves, 
with exception possibly of those controlling the eye muscles. Every 
dystrophic member of the family gives a history of eye trouble and 



Fig. 10. — Roentgenogram of skull of patient shown in Figures from 1 to 5, 
inclusive. The shadows in the pineal region are marked (Patient 24, Fig. 11). 


must wear glasses. These ocular muscle disturbances are important 
as referring possibly to the pineal gland in its relation to the anterior 
corpora quadrigemina. His father, also affected with dystrophy, 
awoke suddenly one morning, blind, and never entirely recovered his 
vision. There is no difficulty in swallowing or in speech, and the 
tongue is protruded in the middle line. 
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TIMME— PROGRESSIVE MUSCULAR DYSTROPHY 101 


and quite inefficient, so that walking upstairs or getting up from a 
squatting position is a task. It is accomplished by climbing up on the 
thighs by means of the arms (Fig. 2). Of the hypertrophies that are 
present, the infraspinatus is moderately enlarged, as are the calf 
muscles. The facial muscles show a slight atrophy, with everted and 
pouting lips, although there is no difficulty in whistling. The electrical 
excitability is somewhat increased to faradism in all the muscles, while 
the galvanic response is unaltered in degree and quality, that is, there is 
no reaction of degeneration, no myoclonus, or myoidema; there is no 
asynergy and no incoordination. There are no actual paralyses, but 
-simply weaknesses. The patient can hold his arms out from his body 
at the level of the shoulder for one and one-half minutes without 
fatigue. There then ensues a tremor of the entire limb, and he must 
let the arms fall. The various measurements of the circumference of 
the limbs are herewith given in millimeters : 




Right 

Left 


■ (Upper 

230 

225 

Tipper arm. . . . 

. . \ Middle 

190 

190 


( Elbow 

193 

190 

Forearm 

. . I Largest 

200 

202 


\ Smallest 

125 

127 


f Upper 

465 

465 

Thigh 

. . T Middle 

420 

415 

[ Knee 

320 

330 

Lower leg 

f Calf 

' ’ \ Thinnest 

335 

173 

325 

175 


There are contractions in the tendons of the arm muscles and of 
the calf muscles on both sides — contractions, and not contractures. 
That is to say, by assuming such positions as will give little tension to 
the muscles of the particular member examined, the patient recognizes 
no difficulty in fully extending that limb. Thus, if he relaxes the calf 
muscles by stooping forward in walking, his heels touch the ground; 
but if he stands fully erect with shoulders thrown back, then his heels 
do not touch the ground on account of the short Achilles tendons. 
The photograph showing the arm outstretched to its fullest extent 
gives an idea of the shortening of the arm flexor tendons, in the 
resulting flexion of the fingers and wrist (Fig. 4). When the wrist is 
fully flexed, the fingers can be extended; when the fingers are fully 
extended and kept in that position, the wrist cannot be extended at thq 
same time. It is these contractions that give the patient his greatest 
difficulty, for they impede the free use of his limbs and are progres- 
sively, although slowly, increasing (Fig. 5). 

The Roentgen ray shows that the bones of the arm and forearm 
are very small and thin, though not shorter than the normal (Fig. 6). 
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developed much fat and showed weakness in one upper extremity and 
diminished motor power in both lower extremities. Hart 34 published 
a case in which among the prominent symptoms was increasing muscu- 
lar fatigability. 

Raymond and Claude 35 reported a case most apropos of a glioma 
of the pineal gland in a boy of 10. He began to grow fat, and grew 
weak rapidly. . Then the left leg became feeble, so that he could 
scarcely raise it from the ground. He then developed much- muscular 
weakness and finally contractures in the neck and arms arose. Here 



Fig. 3. — The isolated muscle bundle that still remains of the left pectoralis. 
the rest of the muscle being gone; note the funnel-like neck sunken into the 
aperture made by the clavicles, and the atrophic arm muscle. 


was a syndrome, exclusive of the other signs of the tumor, strongly 
suggestive of progressive muscular dystrophy. 

Finally, Howell's 30 patient developed extreme weakness in one arm 
and leg and in the muscles of the back so that he showed a tendency 
to fall backward. His legs gave way when'he tried to walk. 

34. Hart, C. : Ein Fall v. Angiosarcoma der Glandula pinealis, Berl. klin. 
Wchnschr., 1909, 16, 2298. 

35. Raymond and Claude : Les . tumeurs de la glande pineale, Bull, de 1 Acad, 
de med., Paris, 1910, 63, 265. 

36. Howell: Tumors of the Pineal Body, Proc. Roy. Soc. Med., 1910, 3, 77. 
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careous nodules on many of the phalanges, especially at the terminal 
joints. On account of atrophic supinators, supination can be carried 
out only to a very limited extent by the biceps assisting. This syn- 
drome is rather different from that of the other members, in that it 
began at the comparatively late age of 1 1 and that it was not accom- 
panied by difficulty in arising or in going upstairs and in its marked 
disposition to affect the bony skeleton. The Roentgen ray also in this 
case did not show the pineal gland shadows, but did show a large sella 
turcica. As the boy is but 15, it is within the realm of probability that 
within a few years the shadows will appear. 

As the members of the various branches of the family are widely 
scattered, indeed from coast to coast, I have not personally been able 
as yet to examine all those affected with the disease. The roentgeno- 
grams were made by different roentgenologists in various parts of the 
country, including Dr. Leix of Los Angeles, Dr. Bowen of Philadel- 
phia and Dr. Evans of New York. 

To recapitulate, then, we have a somewhat atypical form of pro- 
gressive muscular dystrophy, rather resembling Erb’s infantile type, of 
extremely benign and slow progress. It occurs as a hereditary affec- 
tion, now in the fourth generation, which has. disabled fourteen indi- 
viduals. Of the seven living members with the disease, all but two 
have been examined thus far by Roentgen ray, and of these five, four 
show distinct changes in the pineal gland producing shadows in the 
roentgenogram. The fifth, a youth of 15 years, whose affliction is 
rather of different type than the others, in that the bony growth is 
abnormal, shows an enlarged sella turcica, but no shadows in the pineal 
as yet. Weighing all the evidence that is advanced by previous inves- 
tigators to show derangement of the internal glandular balance in cases 
of progressive muscular dystrophy, and giving due significance espe- 
cially to the changes produced by tumors and diseases of the pineal 
gland on the various tissues of the body, changes that resemble in 
character, if not entirely in degree or disposition those present in 
progressive muscular dystrophy, we must admit the extreme probability 
of a causal relationship between the two. If to this probability we 
actually adduce the evidence shown by cases of progressive muscular 
dystrophy of changes in the pineal gland demonstrated by roentgen- 
•ology, the probability approaches pretty closely to proof that dis- 
turbances of the pineal gland play an important role in the pathogeny 
of progressive muscular dystrophy. 

In criticism of this deduction, there may be advanced the statement 
that frequently otherwise normal individuals show shadows in the 
pineal gland. In answer thereto, Schuller of Vienna, who was the 
first to demonstrate the identity of the shadows with deposits in the 
pineal gland, states that in older persons who already have reached 
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there are investigators. And this is not to be wondered at if the syn- 
drome depends on as many variables as are represented by the endo- 
crine glands. N 

The findings at necropsy in the various types of progressive muscu- 
lar dystrophy do not contradict an internal glandular basis for the 
disease. Kollarits 40 quotes Blocq and Marinesco , 41 Flandre , 42 and 
Pennato 43 to show that a relatively negative result, in so far as the 
nervous system is concerned, was obtained by the more recent investi- 
gators. This is to say, in by far the greater number of cases that went 
to necropsy, no important changes were found in the cerebrospinal 
system, although in a small number there were minor changes in. the 
anterior horn cells of an atrophic nature. These minor changes are 



Fig. 5. — Extreme extent of flexion >of trunk on thighs that is possible, with 
legs extended fully, this deficiency being due to the short tendons of the thigh 
and leg. 


not always the same in the different cases and are not proportionate to 
the clinical disturbances. "For this reason (quoting Kollarits) Erb 
stated that the dystrophy is probably dependent on functional dis- 
turbances of trophic centers not demonstrable anatomically. The 
actual muscle changes found histologically agree in the main with one 
another in the different investigations (Spiller . 44 Miinzer / 0 Fulda , 4 

40. Kollarits, Jeno: Beitrag zur Kenntniss d. anat. Grundlage d. Muskela- 
trophie, Budapest Clinic, Division 2, Deutsch. Arch. f. klin. Med., 1901, 70, 157. 

41. Blocq and Marinesco: Arch. d. Neurol., 1893, 25, 189. 

42. Flandre: These de Paris, 1893. 

43. Pennato: Clin. med. ital., 1898, 37, 31. 

44. Spiller, W. G. : New York Med. Rec., 1898, 54, 9. 

45. Mtinzer: Ztschr. f. klin. Med., 1893, 22, 564. 

46. Fulda : Deutsch. Arch. f. klin. Med., 1894-1895; 54, 525. 



BLOOD CHANGES IN ALBINO RATS FOLLOWING 
REMOVAL OF THE SPLEEN * 


C. C. WOLFERTH, M.D. 

PHILADELPHIA 

INTRODUCTORY 

About a year ago, during the course of studies in the albino rat 
(Mus norvegicus-albinus ) carried on under the direction of Dr. Alfred 
Stengel, on the relation of the spleen to the other glands of internal 
secretion, it was thought worth while to note incidentally any blood 
changes that might occur after splenectomy, since no references to 
such observations on the rat could be found in the literature. Among 
the first observations a few unusual and interesting phenomena were 
noted, which seemed to make a somewhat systematic study worth 
while. 

A fairly complete bibliography of the literature up to 1914 of the 
blood changes after splenectomy may be found among the references 
given by Meyer. 1 The most important work since that time is that of 
Pearce and his collaborators. 2 

Observations on man, dogs, rabbits, goats, sheep and other animals 
have shown that removal of the spleen is usually followed by certain 
alterations in the blood. The time of onset, the extent of the changes 
and the period of recovery are highly variable. This variability applies 
not only to the results of different investigators, but also to the data 
obtained from single series, in which the experimental conditions may 
be considered fairly comparable. The most important of the blood 
changes may be summed up as follows : 

1. Slight to moderate anemia, variable in time of onset, but usually 
within the first three or four weeks after splenectomy. Recovery 
from this anemia is usually complete within a period varying from a 
few weeks to a few months. 

2. Marked rise in leukocyte count followed by a gradual decline. 
A slight leukocytosis with excess of lymphocytes and eosinophils tends 
to persist for a long time. 

* Submitted for publication July 3, 1916. 

* From the William Pepper Laboratory of Clinical Medicine and the Henri- 
etta Heckscher Fellowship in Medical Research, University of Pennsylvania, 
School of Medicine. 

1. Meyer. A.: Centralbl. f. d. Grenzgeb. d. Med. u. Chir.. 1914, IS, 41. 

2. Pearce and Collaborators: The Relation of the Spleen to Blood Destruc- 
tion and Regeneration and to Hemolytic Jaundice, numerous papers. Jour. 
Exper. Med., 1912-1916. 
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and there is an accompanying tightening of some of the tendons which limits 
movement. In the case of my brother the heels are raised from the floor as 
much as three inches when he stands erect; and my sister is compelled to walk 
on her toes and the front of her foot so that a special shoe is needed. With' 
the advance of years the difliculty in arising becomes more pronounced. I find 
it much harder to get up from the floor now than it was seven or eight years ago. 
My sister, father, uncle and aunt, who have the trouble, cannot arise if they fall 
down, and they cannot get up from a chair of ordinary height. ' My sister has 
put on much weight lately, resembling in this my grandfather, who also had the 
disease. The latter could not roll over in bed, arise, or walk alone. The 
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b, 7. — Arrow points toward the shadow produced b y the piuea. sdand 

(Patient 14, Fig. 11). 

, . i • Q ii movement becomes more pro- 

difficulty in climbing stairs, and in S enera ^ action s with the drawing-up .feature 
nounced with advancing years. childhood to maturity. There is so 

become worse during the growth f . rom c J ^° slowly through the periods of 
reason to believe that this contraction contmues^^j ^ of the affected indi- 
maturity and especially of senescence. nf S :u ness 0 r of the report of illness 
viduals is very good I cannot remem er ; ’ long lived and intellectual y 

in the case of my father-or my uncle, the tanuiy ,. There IS only a 

sound. There il no bodily pain Tradition haS 

great physical limitation with ^ the age of 12 following an 

it that the original case of the disease 
injury in the field. 


TABLE 1 . —Studies of Red Blood Cell Count, Percentage of Hemoglobin 
and Percentage of Reticulated Cells in 
Rats with Normal Spleens 


Rat No. 

Days After 
Splenectomy 

Red Blood Cell j 
Count in Millions | 

Hemoglobin 

Percentage 

Percentage of Retic- 
ulated Red Cells 


Operated 

Control 

Operated 

Control 

Operated) 

1 

Control 
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Preliminary 

7.6 

7.3 

85 

78 

| 

2.8 j 

7.2 


3 

7.1 

7.3 

80 

82 
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1 
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2.8 | 

1.0 
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71 

62 

4.0 ] 

8.0 


20 
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82 
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78 
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8.0 
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55 control same as 

Preliminary 
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87 
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st h „ e f f r onaUy ,°- through 

ber s of the fami,y that have the dteLl £&'£££ ^ “T 

one originally examined at the Neurological Institute by us His 
examination showed the following: y H 

fhe patient is a man of 23 years a student 'Tina , ,• 

(Fig Sh lf e rr ‘“ h de i S Somewhat fat, i‘y. as is seen by the photograph 
(Fig 1) His head leans forward, with chest retreating- S 

onie lordosis, and the arms are held at the side partially contracted 

at the elbow and wrist joints. The gait is peculiar in that he stoops 
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Fig. 9. — Roentgenogram of skull of patient 27 (Fig. 11), a girl 19 years 
of age. Here the shadow is not so distinct as in the others, but still is present. 

his shoulders forwards and toes out. If he doesn't stoop his shoulders, 
his heels will not touch the floor. There is little or no spring in his 
walk, his whole body jerking with each foot fall. His weight when he 
is stripped is 108 pounds. 

All the deep and superficial reflexes are normal and equal on both 
sides; there is no Babinski response and there is no clonus. 

There are no sensory changes objectively to be elicited, excepting 
some pain on pressure over the fourth dorsal vertebra; subjectively 
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might have disclosed a slight degree. The drop in red cells is slight, 
but the hemoglobin percentage shows a distinct change. The average 
of fifty-eight examinations in the first five weeks after splenectomy is 
7,850,000 red cells and 79.2 per cent, hemoglobin; the average of 
forty-five readings in controls is 8,160,000 red cells and 86.6 per cent, 
hemoglobin. The average of the lowest readings in sixteen animals 
operated on is 7,350,000 red cells and 72.9 per cent, hemoglobin, the 
average of the lowest readings in thirteen controls is 7,740,000 red 
cells and 82.1 per cent, hemoglobin. The tendency to slightly more 
marked decrease in hemoglobin than red cells was found in dogs by 
Musser and Krumbhaar. 4 Five rats examined about eight months 
after splenectomy showed normal cell counts and hemoglobin. 

The leukocyte counts in the albino rat show such variations that 
conclusions regarding possible changes produced by splenectomy are 
difficult to draw. There seems to be a tendency toward development 
of slight leukocytosis. 

Examinations of stained specimens of blood from the young rat 
frequently show a few nucleated red cells. During the period of 
anemia following splenectomy they are sometimes found in fairly large 
numbers, as many as five normoblasts to one leukocyte. 

The normal variation in percentage of reticulated cells in young 
rats was found to be large ; some showed as high as 16 per cent. In 
eight adult animals 3 per cent, was the highest number found. No 
changes that could be attributed to the splenectomy were discovered. 

RESISTANCE OF ERYTHROCYTES TO HYPOTONIC SALT SOLUTION 

Because of the extremely rapid clotting time of rat blood, a slight • 
modification of technic was deemed advisable. 

Sodium citrate in 1.5 per cent, solution, just sufficient to 
prevent coagulation, was added to the blood immediately after its 
withdrawal. Two small drops of the citrated blood were added to 
each of seventeen tubes containing graduated concentrations of salt 
solution, beginning with 0.2 per cent, and increasing by 0.025 per cent, 
up to 0.6 per cent. The tubes were incubated for two hours, then 
placed in the ice-box for about sixteen hours, after which the readings 
were made. The first tinge of red visible throughout the entire solu- 
tion was considered beginning hemolysis; the first tube showing no 
distinct red sediment was considered as showing complete hemolysis. 

The blood of nine splenectomized animals tested four to five weeks 
after operation (Table 2) showed in every case markedly greater 
resistance to hypotonic salt solution than that of controls. Tests made 

4. Musser, J. H., Jr., and Krumbhaar, E. B.: Jour. Exper. Med., 1913, 
IS, 487. 
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The only external signs of an involvement of the internal glandular 
system is in the spacing of the incisors, and in the prognathism of 

^ 6 kter haVe 0ccasion t0 P oi nt out the extreme 
probability of the dependence of the entire syndrome, the bony atrophy 

fatty deposits m the muscles, etc., on such a disturbance of the endo- 
crine system. 


There is no arteriosclerosis; the pulse rate varies from 68 to 72 
increasing on slight muscular effort to 90. The blood pressure, systolic 7 
varies from 125 to 145 ; diastolic, from 75 to 100. 

The patient is highly intelligent, a postgraduate student at an impor- 
tant university, fitting himself for the philosophical degree. His audi- 
tory memory is good, while his visual memory is very poor. He is 
fairly frequently depressed, seclusive and shut-in and has a reaction 
of embarrassment in company. He feels his disability keenly. 



Fig. 11 —Heredity chart of the family in which the dystrophy cases occurred, - 
those in black being the individuals affected. 

Urine and blood are quite normal in all particulars. The Wasser- 
mann reaction in the serum is negative. 

It is in the muscular system that the chief characteristics of the 
condition lie. The first striking feature is the almost entire absence 
of the pectorals of both sides, with the exception of the clavicular . 
strands and a few strands of the pectoralis minor (Fig. 3). Both 
■deltoids are very atrophic, and the intrinsic neck muscles are so much 
so that the neck seems to fit like a funnel into the aperture made by 
the clavicles and sternum instead of being attached thereto. The 
trapezius, the serratus magnus and the rhomboids are only partially 
atrophied. The biceps and triceps are much atrophied ; the long supina- 
tors less so, while the muscles of the forearm are only slightly affected. 

In the leg the quadriceps and the adductors are smaller than normal 
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liver was likely to be associated with the heavy spleen. Professor 
Donaldson 0 has observed that otherwise apparently healthy rats kept 
out in the cold during the winter showed enlarged spleens. 

During the course of this investigation eight rats with enlarged 
spleens were operated on and the spleens removed. These eight rats 
all came from three litters. The general appearance, nutrition, weight 
and preliminary blood count in each case were within normal limits 
and corresponded with the data obtained from the other animals in 
the same litters. In two litters all the rats were slightly above the 
average weight for their age. In the third, all, including those with 
normal as well as those with enlarged spleens, were slightly below 
the average. No means were found of distinguishing the rat with 
enlarged spleen from the normal animal until the spleen itself was 
exposed to view. 

The gross appearance of the organ is characteristic. It is large, 
soft, with somewhat rounded edges. The color is dark, reddish blue. 
Microscopically there is found engorgement with blood and moderate 
hyperplasia of the lymphoid and endothelial cells. No evidences of 
inflammation or excessive hemolysis were observed. 

In view of these observations it was thought possible that the 
enlargement might be of the nature of a functional hypertrophy, either 
in response to a demand for increased splenic function to compensate 
for lessened or increased activity on the part of functionally corre- 
lated organs or tissues, or as part of a protective mechanism invoked 
by the body against infection or the products of infection. 

The data obtained in seven of these rats by examination of the 
blood is given in Table 3. In six of the seven the onset of an 
extremely rapid and severe anemia occurred in from three to five 
days. In Rat 25 the onset of the anemia was less rapid. It was not 
observed until the twentieth day after operation. Rat 47 died two 
days after splenectomy, before any study of the blood had been made. 
Examination, however, showed intense pallor and distinct icteroid 
tinge of tissues. 

Of the seven rats studied, all showed percentage of hemoglobin 
under 25 and red blood cell counts under 2,540,000. Six showed red 
blood cell counts under 2,000,000. These findings were ' in striking 
contrast to what was observed in sixteen rats from which presumably 
normal spleens were removed, in which the lowest hemoglobin 
estimation was 65 per cent, and the lowest red blood cell count 5,700,- 
000. The leukocyte counts also showed differences. As stated before, 
while the removal of the normal spleen is followed by a tendency to 

6. Donaldson : Personal communication to the author. 
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The skull roentgenogram shows a normal sella turcica, but there are 
several shadows in the region of the pineal gland (Fig. 10) These 

shadows are three in number, and although discrete, range closely 
together. b J 

Three other members of this immediate family, Patient 14 (Fig 
11)„ father of this man, and Patients 26 and 27, brother and sister o & f 
the patient, give similar physical signs and symptoms to those exhibited 
by this patient, with some minor differences. Thus, his sister, 19 years 
of age, is quite adipose, and has more marked tendon contractions 
than the others. She constantly walks on her toes as a result of the 
Achilles tendon shortening (pes equinus), and must have special shoes 
to accommodate this malposition of the foot to' her gait. The brother, 
aged 21, is in many respects the counterpart of the patient, only not 
quite >so far advanced. The father, aged 65, cannot get up from a 
sitting position without help. There is the same difficulty in all of 
these members of the family in going upstairs, almost an impossibility 
to lift themselves from step to step. But all of them are active men- 
tally. The father still attends to his duties as a minister. The one 
point that they all have in common, and this we wish to emphasize 
most strongly, is that the roentgenogram in each instance shows 
shadows in the region of the pineal gland. In the sister’s case these 
shadows are very faint, but still present (Figs. 7 , 8 and 9). 

One member, No. 32, of a collateral branch of this family, but still 
descended from the common ancestor No. 1, is affected by' a type of the 
disease which is sufficiently distinct from that of the others to merit 
individual description. Pie is a schoolboy of 15, living in a small 
Pennsylvania town. His difficulty seemingly followed an attack of 
chickenpox four years ago. He has no difficulty in squatting down 
or in arising from the floor, thereby differing from every other mem- 
ber with the disease. Within six months of the onset of the disease, 
his joints became stiff and the seat of calcareous deposits. Various 
tendon contractions followed, notably the Achilles and the flexors of 
the fingers. Muscular atrophies, especially of the deltoids, pectorals, 
trapezius, biceps, and sternocleidomastoids succeeded. The pectorals 
are very deficient, the sternocleido muscles also, almost like a lead- 
pencil in thickness. The entire bodily musculature seems to be deficient 
in volume and gives the appearance of a big bony frame with insuffi- 
cient covering. The myotatic irritability is increased in the biceps and 
deltoids. The bony framework is large, the middle finger measuring 
105 mm. from the metacarpophalangeal joint to the tip. Both ankles 
are deformed, with a marked protrusion of the tarsals inward and a 
pes planus. The foot cannot be flexed dorsally on account of a short 
Achilles tendon, or ventrally on account of a short tibialis anticus. 
This gives the patient a rather queer shuffling gait. There are cal- 
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the stage of calcification of the arteries, the shadows are but evi- 
dence of such calcified bodies in the pineal gland. But here we have 
three of the four patients under 24 years of age. The author per- 
sonally examined about 150 roentgenograms of the skull in the labora- 
tory of Dr. Lewis G. Cole of New York, and found only about 2 
per cent, with pineal shadow. 

To ask why. changes in the ovaries or thyroid or pituitary gland, 
all of which changes have had their part in the production of symp- 
toms in many of the cases of progressive muscular dystrophy herein 
cited, should be laid at the door of a diseased pineal gland, brings up 
the whole question of the interdependence of the endocrine glands. 
Suffice it to say that the pineal gland is supposed to cease its function 
at puberty. If earlier or later, then the other glands partially com- 
pensate, producing their own particular symptoms in the endeavor to 
right the wrong. Occasionally this wrong is righted and a cure of 
the condition produced by the perverted pineal gland results. Thus 
have come about the several cures reported by Erb, Marina, Levi and 
Rothschild, and Jendrassik. In each of these cases a rapidly developing 
gonadal system incidental to puberty produced the cure. 

A final report of all the members of this family will be presented 
by me within the coming year, together with a short disquisition on 
the therapy of the condition based on the foregoing theory of the patho- 
genesis of progressive muscular dystrophy, namely, that the disease 
must be classed as an endocrinopathy. 
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Musser has observed that in some chronic conditions the spleen may 
have been diseased so long and so extensively that a vicarious compen- 
sation of its function by other organs may have occurred, thus obscur- 
ing the effect of removal. The same idea is expressed by Meyer . 1 The 
latter would exclude observations after removal of the spleen for 
leukemia, pseudoleukemia and malaria enlargement, Banti’s disease, 
tuberculosis, echinococcus cyst and purulent affections, from the data 
of pure experiment, because compensation may be expected to have 
occurred. 

When a normal spleen is removed the alterations which result 
depend on the capability of related tissues to carry on in entirety the 
particular functions which had been in part performed by the spleen. 
The extent of the alterations probably depends in part on the amount 
and functional capability of the substituting tissues, the duration on 
the rapidity with which these tissues undergo functional hypertrophy. 

If, however, conditions of some sort were present in the body 
demanding increased function of the type carried on by the spleen, in 
response to which that organ had hypertrophied, we should not expect 
to find after splenectomy the large factor of safety which is present 
in the normal animal. We -should expect to find an exaggeration of 
the phenomena that usually occur after splenectomy. 

As far as known with certainty at the present time the only 
untoward result of splenectomy is anemia. This anemia is variable 
as to degree and duration, probably depending in an inverse relation 
on the functional capability of the tissue ready to take the place of the 
.spleen. Therefore, if a truly hyperfunctioning spleen were removed 
we should expect a severe anemia to develop. Such a result has 
occurred in all our rats with enlarged spleens. 

The cause of the anemia cannot be explained at the present time, 
but certain phenomena in connection with it stand out prominently 
and are suggestive in their relation to the role of the spleen in the 
mechanism of blood destruction and regeneration. 

The hematogenic function seems not only unimpaired, but capable 
of tremendous activity in the absence of the enlarged spleen. This is 
shown during the periods of severe anemia, when at times nearly every 
cell in the circulating blood is a young form. Thus we are forced to 
explain the anemia on the ground of increased hemolysis. The rapid- 
ity of development of the anemia, the jaundice, the overwhelming 
preponderance of young red cells, in some cases almost to the exclu- 
sion of other types, plainly tell the story of hemolysis. 

7. Musser, J. H., Jr.: Tnr Archives Ixt. Med.. 1912, 9, 592. 
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3. Increased resistance of erythrocytes to hemolytic agents, such 
as hypotonic salt solution and hemolytic immune serums. 

None of the theories offered in the attempt to explain the cause of 
the anemia of splenectomy have proved adequate. ICrumbhaar, Musser 
and Pearce, as a result of their studies on blood regeneration follow- 
ing bleeding and the administration of hemolytic agents to splenec- 
tomized dogs, conclude that the anemia of splenectomy is caused by 
some factor, as yet unknown, operating in the absence of the spleen. 

MATERIAL AND METHODS 

All litters of rats used in this series were carefully selected from 
the colony kept at the Wistar Institute of Anatomy and Biology. The 
animals were kept in the animal house of the Wistar Institute during 
the course of the work. For these privileges I am indebted to Prof. 
H. H. Donaldson. I am further indebted to Professor Donaldson for 
many helpful suggestions during the course of the work. 

The ages of the animals at the time of operation varied between 
30 and 70 days, averaging about 45 days. In every experiment paral- 
lel observations were made on the splenectomized animal and a control 
of the same sex and from the same litter. Animals operated on and 
controls were always kept in the same cage. Operations were per- 
formed under ether anesthesia. Splenectomy in the rat requires only 
three to four minutes for its performance. There is practically no 
loss of blood. Recovery takes place promptly; within an hour the rat 
will run about the cage and by the next morning is apparently quite 
as active as the control. No wound infection, peritonitis or evidences 
of internal hemorrhage were discovered in the series. 

The blood for cell counts, hemoglobin estimations and study of 
reticulated cells was obtained by snipping the end of the tail with a 
pair of sharp scissors. A fairly free oozing of blood is required to 
obtain accurate cell counts and hemoglobjn estimations. The Fleischl 
hemometer was used throughout. For the study of reticulated cells 
brilliant cresyl blue stain was employed, according to the usual technic. 

BLOOD CHANGES FOLLOWING REMOVAL OF NORMAL SPLEENS 

The results of observations on red blood cell count, hemoglobin 
and reticulated cells are given in Table 1. The results are somewhat 
variable. Most splenectomized animals show a transient drop in cell 
count and hemoglobin, reaching its maximum in from one to three 
weeks. Nearly all appear to have recovered completely by the end 
of the fourth week after operation. Three out of sixteen show no 
evidence of anemia, but it is possible that more frequent blood counts 

3. ICrumbhaar, E. B.; Musser, J. H., Jr., and Pearce, R. M.: Jour. Exper. 
Med., 1913, 18 , 665. 



EXPERIMENTS ON THE ORIGIN AND CONDUCTION 
OF THE CARDIAC IMPULSE 

VII. SINOVENTRICULAR AND SI NO-AURICULAR IIEARTBLOCK * 

J. A. E. EYSTER, M.D., and WALTER J. MEEK, Ph.D. 

The criterion for sirio-auricular heartblock in the mammalian heart 
that has been hitherto applied, both experimentally in the lower ani- 
mals and clinically in man, is the occurrence of dropped beats in an 
otherwise regular auricular rhythm. The only exception to this com- 
prises certain visual observations on hearts dying from asphyxia, made 
by Hering 1 and others, the significance of which loses its value in 
the light of subsequent work (Eyster and Meek 2 ). Neither the venous 
pulse nor the electrocardiogram in the higher animals gives evidence 
of activity in the sino-auricular node distinct from that of the auricle, 
and attempts to record by suspension methods in the exposed heart 
contraction of these two regions separately have been rewarded only 
with inconclusive result^. It has seemed to us desirable therefore to 
carry out experimental procedures that should produce partial and 
complete sino-auricular block, if such conditions are indeed possible 
in the mammalian heart, and at the same time record separately the 
activity of the sino-auricular node and the auricles. This we have 
done in the present series of experiments by recording the action 
currents directly from the exposed dog’s heart with the string gal- 
vanometers. 

We have reviewed the experimental and clinical literature of sino- 
auricular block in two preceding publications . 3 Since the publication 
of the last paper, four additional clinical cases have been described 
by Levine . 4 While there are reasons to regard the occurrence of 
dropped beats in an otherwise regular auricular rhythm as reliable 
evidence of blocking of the excitation above the auricle, there are, 
of course, other possible interpretations of this phenomenon and we 
cannot at present state that we have undoubted proof that sino-auricu- 
lar block may occur under any condition. The dropped beats may, 
for example, be due to failure of the pacemaker to generate excita- 
tions at certain periods, or to failure of the cardiac tissue to respond, 

. * Submitted for publication July 11, 1916. 

* From the Physiological Laboratory of the University of Wisconsin. 

1. Hering: Arch. f. d. ges. Physiol., 1900, S2, 1. 

2. Eyster and Meek: Heart, 1914, 5, 137. 

3. Eyster and Meek: Heart, 1912, 4, 59. Evster and Evans: The Archives 
Int. Mud.. 1915, 16, 832. 

4. Levine: The Archives Ixt. Med,, 1916. 17 , 153. 
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and Percentage of Reticulated Cells in Rats with 
Normal Spleens— (Continued) 
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ventricular node. Each pair was so arranged that it could be con- 
nected to one of two string galvanometers and simultaneous records 
of the electrical negativity in any two of the above regions made at 
any time on the same photographic record. Mechanical systoles of 
the right auricular appendage and apex of the right ventricle were 
recorded on the same record. In this way we could determine the 
time interval of negativity between any two of these regions and at 
the same time determine whether these different regions were mani- 
festing their usual sequence and rhythm. In other words, we have by 
this method a definite graphic record of the activities of these three 
regions, and the possibility of determining the relation between the 
activities of each. After determining the norma! relation, gradual 
and progressive isolation of the sino-auricular node was carried out by 



Fig. 1. — Normal beat immediately preceding the occurrence of partial sino- 
auricular and sinoventricular block in Experiment 34. The record shows, 
reading from top to bottom, (1) time record in one-fifth second intervals; 
(2) line made by signal pen; (3) record of mechanical systole of right auricle 
by lever of recording tambour in front of photographic registration apparatus; 
(4) shadow of galvanometer fiber connected to two electrodes, one on the upper 
part, the other on the midregion of the sino-auricular node (upstroke indi- 
cates initial negativity of the upper end of the node) ; (5) duplicate shadow 
cast by (3), to be ignored in interpretation of record; (6) shadow cast by 
tambour recording mechanical systole (by downstroke) of right ventricle; 
(7) galvanometer fiber connected to two points lying about 2 mm. apart on 
the ventricular portion of the auriculoventricular node. 

Previous to this record ligatures had been tied across the sulcus terminalis 
above and below the sino-auricular node and the tissues along the intercaval 
borders of the node crushed by clamping. As a result of these procedures the 
Sa-Av conduction time had increased from a normal of 0.022 of a second to 
its average value of 0.03 of a second, as shown in the record from which the 
figure is reproduced. The average As-Vs is 0.18 of a second; the cycle length, 
0.50 of a second. ■ • 

cutting through the tissues around the node, by clamping and, in a few 
cases, by ligature. The methods employed for the cuts and for clamp- 
ing are described in detail in the preceding paper . 0 Usually we 
attempted to make as much permanent separation of tissue by cuts as 
could be done without causing removal of the seat of impulse forma- 
tion from the sino-auricular node and then to subject the remainder, 
or part of the remainder, to gradual clamping, during which periods 
continuous records were made. Most of our attention was directed 
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about eight months after operation yielded somewhat different results. 
In one case resistance in animals operated on and control was iden- 
tical. In four other animals operated on the increase of resistance 
over that of the control animals was distinctly less marked than that 
observed in the earlier period. These few studies seem to indicate a 
tendency to eventual loss of the increased resistance. 


TABLE 2. — Resistance of Red Cells to Hypotonic Salt Solutions 
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73 
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blood changes following removal of enlarged spleens 
Many investigators have observed the occurrence of enlarged 
spleen in albino rats. The cause of this enlargement, acc0 ' d, ”» 
Hatai/ has never been determined. Hata. found also that a heavy 


5 . Hatai, S.: Am, Jour. Anat., 1913, 15, 87. 
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to the normal sinoventricular conduction path, the path between the 
sino-auricular and auriculoventricular nodes, and the recdrds taken 
during the above procedure comprised the movements of the gal- 
vanometer connected with these two regions along with the records of 
mechanical systoles. In some of the experiments, finally, suspension 
records of the right auricle and ventricle were made on smoked paper, 
in addition to the photographic records. 

INCREASE OF SINOVENTRICULAR AND SINO-AURICULAR CONDUCTION 
TIME AS A RESULT OF PARTIAL ISOLATION OF THE 
SINO-AURICULAR NODE 

As has been reported in the preceding paper of this series, there 
is usually a definite increase in the time of conduction from the sino- 
auricular node to the auriculoventricular node as a result of partial 
interruption of the paths between these two regions. The normal 
period may increase from 0.02 or 0.03 of a second to 0.05 of a second. 
An interesting fact was not infrequently noted in this connection, 
namely, that the increase in conduction time was usually greater 
immediately after the interruption than later, a partial returp to the 
normal conduction time usually occurring after a few seconds. Ref- 
erence may be made to Table 6 of the preceding paper for / these data. 
The time of conduction between the sino-auricular node and t le right 
auricle, the sino-auricular period, was usually unaffectedl by partial 
isolation of the node, except along the auricular border. Ilhis latter 
procedure resulted in a definite increase. Finally, it is to Tie noted 
that in a number of instances it was possible to have, after the com- 
plete abolition of the normal sinoventricular conduction path, the 
conduction of the excitation from the sino-auricular node to the 
auriculoventricular by way of the right auricle. Under these circum- 
stances conduction time between the sino-auricular and auriculoven- 
tricular nodes was usually considerably prolonged, while sino-auricu- 
lar conduction time was of normal length or in some cases somewhat 
diminished. This occurred in only 27 per cent, of all cases; in 73 
per cent, conduction to the auriculoventricular node by way of the 
right auricle was apparently so difficult that auriculoventricular rhythm 
was at once established when the normal sinoventricular conduction 
was abolished. 

Depression of conductivity in the normal path of conduction 
between the sino-auricular and auriculoventricular nodes (sinoven- 
tricular path) leads therefore at first to increase in this conduction 
time. Further depression may lead to conduction by an abnormal 
path, that by way of the right auricle, in about one fifth of all cases, 
or it may lead to complete blocking of the impulse and the establish- 
ment of auriculoventricular rhythm. 
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node — auriculoventricular node ( Sa-Av ) conduction period from a 
normal of 0.022 to 0.05 of a second, then the occurrence of auriculo- 
ventricular rhythm, and finally the return of sinoventricular rhythm. 
Later this conduction period was gradually reduced to 0.03 of a second. 
At this stage of the experiment a damp was applied along the auricu- 
lar border of the node and gradually tightened. There was an open 
space of several millimeters between the clamped area along the auricu- 
lar border of the node and the ligature that interrupted the path 
below the node. Gradual tightening of the damp established the con- 
dition shown in the record of Figure 2. This rhythm is clearly that of 
partial sino-auricular and sinoventricular heart block, in which the 
sino-auricular node is generating five or six impulses during a period 
in which only four or five of these are conducted to the auricle. There 
is a gradual progressive increase of Sa-Av conduction until failure of 
conduction occurs, and one sino-auricular impulse is blocked. Fol- 
lowing this, sino-auricular and sinoventricular conduction attains its 
shortest value, progressively to increase until blocking again occurs. 
The results from a similar record showing 5 to 4 and 4 to 3 partial 
block are diagrammed in Figure 3. Screwing down the clamp as 
tight as possible and interruption of the path in the open space between 
the clamp and the ligature below the node, by means of another clamp, 
stopped all conduction from the sino-auricular node and produced 
auriculoventricular rhythm. The degree of partial sinus block was 
not increased by this procedure, even temporarily; the passage to 
auriculoventricular rhythm was abrupt. 

So far as we have been able to find, this is the first time that abso- 
lutely definite proof has been obtained for the possibility of partial 
sinus block in the mammalian heart. With the exception of certain 
suspension curves of very doubtful interpretation supposed to show 
graphically the contraction of the sino-auricular region, 7 the previous 
criterion that has been applied to the occurrence of sinus block, both 
experimentally and clinically, is the dropping of beats in an otherwise 
regular auricular rhythm or the sudden doubling or halving of the 
auricular rate. It is noteworthy in this connection that in the one 
instance of partial sinus block that we have obtained in this series of 
experiments the suspension curves give absolutely no indication of the 
condition or indeed suggest any abnormality in rhythm. The true 
condition is only evident from the relation of the activity of the sino- 
auricular and auriculoventricular nodes, as registered by the action 
currents produced in these regions. 

Our experiments would seem to establish, in addition to the possi- 
bility of sinus block in the mammalian heart, the conclusion that such 

7. Rehfish: Arch. f. Amt. u. Physiol., 1906, Supplement, 152. 
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leukocytosis, the changes are not very marked. In this series there 
is a marked rise in the leukocyte count so that counts of 40,000 to 
50,000 are not unusual. 

Nucleated red cells were observed frequently, and occasionally in' 
large numbers during the periods of anemia. They tended to dis- 
appear as the blood count returned to normal. A few studies of 
reticulated red cells showed extraordinary rises during the period of 
anemia. This is shown- in striking manner in Rat 53, in which a pre- 
liminary count just before splenectomy showed 0.6 per cent, of skeined 
cells. A count made three days later showed 92 per cent. The fol- 
lowing day, only a few hours before death, 89 per cent, of the red cells 
were reticulated. All observations made on anemic blood showed high 
percentages of reticulated cells. None of the preliminary counts or 
those made after the blood had been regenerated gave abnormally 
high percentages. 

Seven of the eight rats succumbed. Four died within four days 
after operation. Rat 44 had one period of partial regeneration of the 
blood, but died eighteen days after operation. Rat 25 also had two 
remissions, in the latter of which the blood count returned completely 
to norrqal. This animal died forty-three days after operation. Rat 
28, the only animal that recovered, showed three periods of anemia 
before complete recovery. Examination of the blood 216 days after 
splenectomy showed it to be normal except for a slight leukocytosis. 

In all the five animals examined post mortem, the most striking 
thing observed was the marked pallor of the tissues and evident 
extreme anemia. Two showed distinct icteroid coloration of the 
tissues. No evidences of hemorrhage or infection could be found any- 
where in the body. The absence of the lung disease, so prevalent in 
older rats, was noted. The mortality of 87.5 per cent, in this series 
of rats with enlarged spleen following splenectomy is in striking con- 
trast to the mortality observed among twenty-five other splenecto- 
mized rats, of which one died about four weeks after operation. None 
of the other twenty-four died during periods of observation langing 
from twenty-nine days to four months. 

f 

COMMENT 

It seems probable that there is no important function peculiar to 
the spleen. The slight transient alterations following splenectomy, 
together with the new lymphoid tissue, make it seem likely that this 
lymphoid type of tissue normally shares with the spleen certain o 
its duties, and in the absence of that organ is capable of assuming 
a large part of the burden. 

If a diseased spleen were removed we should expect the resu ts o 
splenectomy to be less in degree than usual, because compensation 
for splenic function had already partially occurred. 
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a condition is established only with difficulty. The difficulty of estab- 
lishment and comparative rarity of partial sino-auricular and sino- 
ventricular heart block in the mammalian heart is particularly striking- 
in comparison with the ease of establishment and frequency of auri- 
■culoventricular heart block. While there may be some factors in this 
connection with which we are unfamiliar or only partially aware of, 
we believe that our work has given the possibility of a reasonable 
answer to the question as to the cause of this wide difference in the 
frequency of establishment of partial sinus block and partial auriculo- 
ventricular block. The reason that sinus block is so rarely met with 
and so difficult to reproduce experimentally we believe to be due to 
three main factors: (1) the diffuse nature of the path of conduction 
from the sino-auricular to the auriculoventricular node; (2) the pos- 
sibility, in a certain percentage of cases, that when the normal sino- 
ventricular conduction path is abolished, conduction between the two 
nodes may occur by way of the right auricle; (3) the usual relatively 
small difference between the automaticity of the sino-auricular node 
and the auriculoventricular node. The nature and position of the 
normal path of conduction between the sino-auricular and auriculo- 
ventricular nodes, the normal conduction of the excitation, arising in 
the sino-auricular node to the right auricle and to the auriculoventricu- 
lar node by two separate paths with the possibility of conduction by 
one path when the other is abolished, and finally the relative auto- 
maticity of the two nodes have been discussed in detail in the pre- 
ceding paper on this series. The diffuse nature of the normal sinoven- 
tricular path necessitates a widespread lesion or other influence 
•depressing normal conductivity, in order to interfere with conduction 
to the point of serious difficulty or abolition. This is in marked con- 
trast to that present in the conductive system between the auriculo- 
ventricular node and the ventricles, which occurs for a part of its 
distance over a very restricted path, the auriculoventricular bundle. 
The most important factor tending to prevent the occurrence of partial 
sino ventricular block is, however, the relatively high automaticity of 
the auriculoventricular node in the mammalian heart. In thirty- four 
experiments, reported in the preceding paper of this series, in which 
auriculoventricular rhythm developed as a result of eliminating sino- 
ventricular conduction, the auriculoventricular node discharged at a 
rate equal to an average of 67 per cent, of the original sino-auricular 
discharge. In other words, in the average dog's heart the auriculo- 
ventricular node may be regarded as possessing an inherent automa- 
ticity equal to 67 per cent, of the automaticity of the sino-auricular 
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. SUMMARY 

1. Results of splenectomy were studied in sixteen -rats whose 
spleens were presumably normal; also in eight rats with enlarged 
spleens. 

2. Rats aftei excision of a normal spleen showed a slight transient 
anemia, slight tendency to leukocytosis, well-marked increase in resis- 
tance of erythrocytes, no change in percentages of reticulated red cells. 
There was an inconstant increase in the number of nucleated red cells 
during the periods of anemia. 

3. Removal of enlarged spleens was followed by rapid and usually 
fatal anemia, hyperleukocytosis, marked increase in the number of 
nucleated and reticulated red cell's and, in two cases, by distinct 
jaundice. 

CONCLUSIONS 

1. The variability of results following splenectomy is due to several 
factors, including the functional activity of the spleen and the func- 
tional activity and ability to compensate on the part of the tissues with 
function similar to that of the spleen. 

2. The associated phenomena make it appear almost certain that 
the anemia which develops after the removal of an enlarged spleen 
is of hemolytic type; thus more evidence is brought forward that the 
anemia of splenectomy is of hemolytic origin. 

3. The type of function exerted by the spleen in the mechanism of 
blood destruction and regeneration is necessary to life. Usually after 
the removal of the spleen there are left in the body other tissues 
capable of carrying on the function successfully. Under circumstances 
in which the function cannot be successfully assumed by other tissues, 
removal of the spleen is attended with disastrous results.' 


f 
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a condition is established only with difficulty. The difficulty of estab- 
lishment and comparative rarity of partial sino-auricular and sino- 
ventricular heart block in the mammalian heart is particularly striking- 
in comparison with the ease of establishment and frequency of auri- 
culoventricular heart block. While there may be some factors in this 
connection with which we are unfamiliar or only partially aware of, 
we believe that our work has given the possibility of a reasonable 
answer to the question as to the cause of this wide difference in the 
frequency of establishment of partial sinus block and partial auriculo- 
ventricular block. The reason that sinus block is so rarely met with 
and so difficult to reproduce experimentally we believe to be due to 
three main factors: (1) the diffuse nature of the path of conduction 
from the sino-auricular to the auriculoventricular node; (2) the pos- 
sibility, in a certain percentage of cases, that when the normal sino- 
ventricular conduction path is abolished, conduction between the two 
nodes may occur by way of the right auricle; (-3) the usual relatively 
small difference between the automaticity of the sino-auricular node 
and the auriculoventricular node. The nature and position of the 
normal path of conduction between the sino-auricular and auriculo- 
ventricular nodes, the normal conduction of the excitation, arising in 
the sino-auricular node to the right auricle and to the auriculoventricu- 
lar node by two separate paths with the possibility of conduction by 
one path when the other is abolished, and finally the relative auto- 
maticity of the two nodes have been discussed in detail in the pre- 
ceding paper on this series. The diffuse nature of the normal sinoven- 
tricular path necessitates a widespread lesion or other influence 
depressing normal conductivity, in order to interfere with conduction 
to the point of serious difficulty or abolition. This is in marked con- 
trast to that present in the conductive system between the auriculo- 
ventricular node and the ventricles, which occurs for a part of its 
distance over a very restricted path, the auriculoventricular bundle. 
The most important factor tending to prevent the occurrence of partial 
sinoventricular block is, however, the relatively high automaticity of 
the auriculoventricular node in the mammalian heart. In thirty-four 
■experiments, ( reported in the preceding paper of this series, in which 
auriculoventricular rhythm developed as a result of eliminating sino- 
ventricular conduction, the auriculoventricular node discharged at a 
rate equal to an average of 67 per cent, of the original sino-auricular 
discharge. In other words, in the average dog’s heart the auriculo- 
ventricular node may be regarded as possessing an inherent automa- 
ticity equal to 67 per cent, of the automaticity of the sino-auricular 
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oTt 0l ' ler * han failure of conduction. It is the main purpose 
of this paper to furnish proof of the occurrence of partial and com- 
plete sino-auricular block in ihe mammalian heart. 

A r< , Il ! 1 - Pre 5 edmg t PaperS ° f this SerieSj es P eciall y th e one immediately 
p^ece mg, we have demonstrated that the normal cardiac impulse 

arising in the upper portion of the sino-auricular node is conducted 
to the right auricle and to thb auriculoventricular node by two sepa- 
rate paths. There is thus sinoventricular conduction to be considered, 
as well as sino-auricular conduction, and the possibility of blocking 
m either one or both of these conducting paths. 


EXPERIMENTAL METHODS 


The experimental results to be reported in this paper are derived 
in part from certain of the experiments yielding data of another 
nature and reported in the preceding publication and in part from 
additional experiments. All the experiments were on dogs anesthetized 
with morphin and ether. 

In nine preliminary experiments, the exposed sino-auricular region 
was subjected to torsion, 6 to gradual clamping, either of the node 
itself or the node was pulled through a clamp and this tightened 
down on the surrounding structures, and to the application of nicotin 
and cocain, in solution, in increasing amounts to the node and con- 
tiguous tissues. Electrocardiograms were made from the extremities, 
and comparisons of negativity in different regions of the heart carried 
out by the direct application of nonpolarizable electrodes to the heart. 
In none of these was any evidence of partial sino-auricular block 
obtained and no effort was made to constitute complete block. Torsion 
and ■ gradual clamping of the node or contiguous tissue produced 
usually acceleration of the rate, premature beats, and if carried far 
enough, temporary or permanent removal of the pacemaker to the 
auriculoventricular node or the coronary sinus portion of this node. 
Nicotin and cocain produced at first slowing of the discharge of the 
sino-auricular node, later abolition of its function and removal of the 
pacemaker. These experiments, therefore, so far as the production 
of sino-auricular block are concerned, were entirely negative. 

We then began a systematic effort to obtain evidence for or against 
the occurrence of sinus block by a series of experiments carried out as 
follows: On the exposed heart pairs of electrodes close together i 
(within 1 or 2 mm.) were placed on (1) the sino-auricular node, (2) 
on the right atrium and (3) on the ventricular portion of the auriculo- 


e Fvctpr T A E and Meek, W. J.: The Archives Int. Med., 1916, 18, 775. 
6 . Eit anger and Blackman: Am. Jour. Physiol., 1907, 19, 125: These aut ore 
ave reported the occurrence of dropped beats m artificial y per us 
earts as a result of this procedure. 
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abolished. The usual type of sino-auricular block that has been 
reported clinically in man consists of occasional dropped beats. In the 
case reported by Eyster and Evans, 10 2 to 1 block was observed .occa- 
sionally, never a greater degree. Auriculoventricular rhythm devel- 
oped at times. The rate of discharge in this latter rhythm was evi- 
dently such as to prevent the development of a greater degree of 
partial block. In at least five of the clinical cases that have been 
reported the condition of block developed only after the administration 
of digitalis. The presumption in these cases is that the block devel- 
oped as a result of depression of conductivity induced by this drug. 
In the case of Eyster and Evans, in which block occurred indepen- 
dently of digitalis administration, there was abundant evidence that the 
condition was associated with a hypervagotonus. 

Of the previously reported probable instances of experimental sino- 
auricular block, that of Cushny 11 following the administration of 
aconitin and that of Eyster and Meek 3 resulting from large doses of 
morphin were undoubtedly the result of the action of these substances 
on the vagal mechanism, and one can readily assume, along with the 
depression of conductivity, a depression of automaticity of the lower 
automatic regions. Possibly these substances produce block by a cer- 
tain degree of selective action on these parts. There is no evidence 
that stimulation of the vagus mechanism by the usual experimental 
methods ever produces this result. In Cushny’s experiments the evi- 
dence pointed to 2 to 1 partial block. In the experiments with morphin 
the usual type was 2 to 1, but a rhythm interpreted as 3 to 1 block 
occurred at times. Independent ventricular beats of idioventricular 
type- occurred after prolonged blocking of the sinus impulse, a fur- 
ther indication of the depression of the normal degree of automaticity 
of the auriculoventricular node. 

We feel that it is clear, therefore, that two conditions must be 
fulfilled in order for a degree of sinoventricular or sino-auricular block 
greater than the occasional blocking of an impulse to develop in the 
mammalian heart : ( 1 ) a widespread disturbance in conductivity in the 
regions surrounding the sino-auricular node, and (2) a depression of 
the inherent automaticity of the auriculoventricular node below its 
usual value. The infrequency of the fulfilment of those two condi- 
tions, we believe, explains the comparative rarity of this condition clin- 
ically and the difficulty of its attainment experimentally; The condi- 
tions are in marked contrast to those present in the auriculoventricular 
conductive system. Plere the conductive path in a part of its course is 
markedly circumscribed, and great differences exist between the auto- 
maticity of the sino-auricular node or even the auriculoventricular 


10, Eyster and Evans: Footnote 3, second reference. 

11. Cushny: Heart, 1910, 1, 1. 
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node and the automatic or idioventricular centers. Exact figures foi 
the rate of discharge in idioventricular rhythm in the dog’s heart com- 
pared with the normal sino-auricular rhythm are unavailable, but it is 
certainly less than half. The ventricle in complete auriculoventricular 
heart block in man rarely beats at a rate greater than 30 per minute 
and frequently as low as 15 to 20 beats per minute, or from one-third 
to one-fourth the normal sinus rate. 

Experiments reported previously by us 12 have led us to the con- 
clusion that while normally the excitation spreads from its origin in 
the sino-auricular node directly to the right auricle and by a separate 
and diffuse path to the auriculoventricular node, two other possible 
paths may be employed. Interruption of the normal sinoventricular 
path leads to the spread of the excitation from the sino-auricular node 
to the auriculoventricular node by way of the right auricle in about 27 
per cent, of all cases. In these instances the sino-auricular and sino- 
ventricular paths are in part common paths. In the remainder auric- 
uloventricular rhythm develops. Interruption of the normal sino- 
auricular path does not abolish the reception of excitations by the 
auricle. Under those circumstances, if the sinoventricular conduction 
path is intact, it receives its excitations apparently by way of some 
part of this path, or perhaps from some part of the auriculoventricular 
node. According to this interpretation, partial sino-auricular block is 
impossible when the natural sinoventricular path is intact, and for this 
we have abundant experimental evidence. In a number of experiments 
gradual clamping of the direct auricular connections of the sino-auricu- 
lar node has been carried out without evidence of block. Complete 
interruption of these connections leads to an increase in sino-auricular 
conduction time, evidence of the more circuitous route taken by the 
impulse, but each impulse arising from the sino-auricular node reaches 
the auricle. Likewise, sinoventricular block, partial or complete, as a 
result of interruption of the normal sinoventricular path alone, is 
impossible in those cases (about 27 per cent.) in which the possibility 
of conduction to the auriculoventricular node by way of the right 
auricle is present. In the remainder partial sinoventricular block, 
independent of sino-auricular block, is conceivable and should be 
obtained experimentally if a sufficient number of careful attempts are 
made. 

COMPLETE SINO-AURICULAR BLOCK 

Interference with the conduction in the sinoventricular path to the 
point of its abolition leads to conduction to the auriculoventricular 
node by way of the right auricle or, as occurs more frequently, the 
assumption of dominance in automaticity by the auriculoventricular 


12. Eyster, J. A. E., and Meek, W. J. : Footnote 5; Heart, 1914, 5, 119. 
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PARTIAL SINO-AURICULAR BLOCK 

Systematic efforts were made to obtain partial sinoventricular block 
in twenty-one experiments. Summaries of these experiments are 
given at the end of this paper. Notwithstanding the fact that every 
experimental factor that we could control was directed toward the 
production of this condition, it will be seen that in only one case, 
namely, Experiment 34, was there partial block produced. .In a con- 
siderable number of the experiments the seat of the pacemaker was 
shifted seveial times and at will between the sinoventricular and 
auriculoventricular nodes, records being constantly wade during these 
transitions. Experiment 19 may serve as an example of cases in 
which this shifting was produced by clamping, release of clamp, and 
warming the sino-auricular node. In most cases the records showed 
that the transition from one type of rhythm to another was a sudden 
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Fig. 3. — Diagrammatic representation of the condition in a similar record 
to that of Figure 2, showing the relations between the activities in the sino- 
auricular and auriculoventricular nodes during partial sinus block. The con- 
dition shown is that of 6 to 5 and 5 to 4 partial sino-auricular and sinoven- 
tricular block. The diagram is drawn to scale from the record and measure- 
ments are given in millimeters. In the original record 0.01 of a second — 1.5 mm. 
In this diagram this is reduced one quarter, so that 0.01 of a second corre- 
sponds to 0.375 mm. So refers to the onset of the action current in the sino- 
auricular node, Av the same condition in the ventricular portion of the auriculo- 
ventricular node. Sa-Av refers to the period of conduction between these 
two regions. As and Vs refer to the onset of the systoles of the right auricle 
and right ventricle, respectively; and As-V s to the auriculoventricular intervals. 


one, occurring within one or two beats; in 'Others the change was 
somewhat more gradual. In every case, however, the change was 
unaccompanied by any evidence of block. So soon as conduction 
between the sino-auricular and auriculoventricular nodes became suf- 
ficiently reduced, the region of lower automaticity assumed at. once 
the pacemaking function. The partial block produced m Experiment 
34 was complicated by the fact that the impulse, arising within the 
sino-auricular node, had been forced, by partial isolation of this node, 
to pass to the auriculoventricular node and the ventricles by an a not 
mal path, namely, by way of the right auricle. ' In this expenmen 
production of interruptions in the normal sinoventricular path, ab , 
below and on the intercaval border of the sino-auricular node forced 
the impulse to pass to the auriculoventricular node by way of the 
right auricle. This caused at first a lengthening of the sino-auricula 
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of the right auricle with the sino-auricular node results, therefore, 
not in sino-auricular block, as might be expected, but with merely a 
delay in conduction time from the node to the auricle. 

Theoretically, one might obtain partial or complete sinoventricular 
block with normal sino-auricular conduction. In these cases in which 
conduction of the excitation from the sino-auricular node to the auric- 
uloventricular node by way of the right auricle is impossible, and in 
which, therefore, interruption of the normal sinoventricular path 
results in auriculoventricular rhythm, it is conceivable that the right 
auricle might continue to receive its excitations from the sino-auricular 
node and thus beat at a faster rate than the remainder of the heart. 
This condition we have never met with, however, in any of our 
experiments. 

SUMMARY 

1. The possibility of partial and complete sinoventricular heart 
block has been constituted in the mammalian heart by independent 
registration of the activities of the sino-auricular node, right auricle 
and auriculoventricular node by means of the action currents pro- 
duced in these regions. 

2. Since normally conduction from the sino-auricular node to the 
right auricle and to the auriculoventricular node and ventricular con- 
ductive system occurs by two separate paths, a sino-auricular path 
and sinoventricular path, possibilities of block in either path must be 
considered. In a certain percentage of experiments it has been found 
that abolition of the sinoventricular path results in utilization of the 
sino-auricular path for conduction to the auriculoventricular node. 
The single case of partial block described in this paper was concerned 
with depression of conduction in this path and was therefore combined 
sinoventricular and sino-auricular block. 

3. It is believed that there are two important factors, which tend 
to prevent the establishment of partial sinoventricular block and which 
render it so difficult to obtain experimentally and explain its extreme 
rarity as a clinical condition. These are the diffuse nature of the path 
concerned in sinoventricular conduction and the relatively high auto- 
maticity of the auriculoventricular node. This latter region is prob- 
ably always more than half as automatic as the sino-auricular node. 
The establishment of partial sinoventricular' block of a grade equal to 
or greater than that of a 2 to 1 relation requires, therefore, the simul- 
taneous operation of two factors, a depression of conductivity in the 
sinoventricular path of a certain definite degree, and a depression of 
the normal automaticity of the auriculoventricular node without any 
depression or with a less degree of depression of the sino-auricular 
node. 
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In most of the following experiments two galvanometers were 
employed with measurements of relative time of onset of negativity 
in different regions and changes in these relations during and follow- 
ing partial or complete isolation of the sino-auricular node. 

Experiment 10. — Normally Sa-Ra = 0.016, Sa-Av = 0.028, As-Vs = 0.095, 
cycle — 0.38. Tying a ligature across the sulcus terminalis below the node 
produced no change with the exception of several extrasystoles during the act 
of tying. Tying the ligature along the venous border of the sulcus produced 
an auriculoventricular rhythm lasting for about ten minutes, with Av-Sa = 
0.015, As-Vs = 0.03, cycle = 0.44. Sino-auricular rhythm returned with Sa-Av = 
0.04, Sa-Ra = 0.02, As-Vs = 0.07, cycle, 0.41. There was no evidence of partial 
block during the tying of the ligatures or during the period of recovery of 
sino-auricular rhythm. 

Experiment 11. — Normally Sa-Ra = 0.03, Sa-Av = 0.012, /f.j-F.y = 0.08, 
cycle— 0.33. A ligature was tied across the sulcus below the node. This 
produced transitory coronary sinus rhythm (Sa-Av = 0.005), with return of 
sino-auricular rhythm within one minute. Sa-Av = 0.023, /i.?-F.y = 0.09, cycle = 
0.35. Tying a ligature along approximately the lower half of the intercaval 
border of the sulcus produced coronary sinus rhythm, with Sa-Av = 0.005, 
As-Vs = 0.06, cycle = 0.38. This rhythm was confirmed h.y direct comparisons 
of onset of negativity. Transition to this rhythm occurs within one beat with- 
out evidence of block. Coronary sinus rhythm persisted for about thirty 
minutes, when sino-auricular rhythm returned with Sa-Av= 0.035, As-Vs = 
0.08, cycle = 0.38. 

Experiment 12. — Normally Sa-Ra = 0.011, Sa-Av = 0.026, As-Vs = 0.11, 
cycle = 0.33. A ligature was tied along the intercaval border approximately 
the lower half of the sulcus. This caused a shift of the pacemaker from the 
upper to the lower end of the sino-auricular node. Sa-Av = 0.008, As-Vs = 
0.08, cycle = 0.42. A ligature was tied across the sulcus below the sino-auricular 
node. This produced auriculoventricular rhythm: Av-Sa = 0.025, As-Vs =0.04, 
cycle = 0.47. The record taken during the tying of this ligature shows no 
evidence of partial block. Later Av-Sa = 0.025, As-Vs = 0.05, cycle = 0.48. 

Experiment 13. — Normally Sa-Av = 0.028, As-Vs = 0.12, cycle = 0.27. Two 
ligatures along the intercaval borders of the sulcus, together extending the 
full length of the node, produced no effect. Ligation across the sulcus below 
the node lengthened Sa-Av to 0.034. As-Vs and cycle remained unchanged. 
Ligation across the sulcus above the node produced auriculoventricular rhythm 
of the coronary sinus type. Av-Sa = 0.003, As-Vs = 0.08, cycle = 0.33. The 
record taken during the development of this rhythm shows no evidence of 
partial block. 

Experiment 14. — Normally Sa-Av = 0.026, Sa-Ra = 0.02, As-Vs=0.10, 
cycle = 0.43. A cut was made along the auricular border of the sulcus. There 
was no change except Sa-Ra lengthens to 0.026. A cut made across the sulcus 
below the node produced no further change. A cut along the intercaval bor- 
ders of the sulcus produced auriculoventricular rhythm, with Av-Sa = 0.022, 
As-Vs = 0, cycle = 0.68. The records were made only after the .interruptions 
were completed. 

Experiment 15. — Normally Sa-Av = 0.022, Sa-Ra = 0.013,* /4s-F.y = 0.08, 
cycle = 0.29. A cut was made along the auricular border of the sulcus; 
Sa-Ra increased to 0.02, with no further change. A cut made along the 
intercaval border of the sulcus produced auriculoventricular rhythm with 
Av-Sa = 0.026, Fs-.^.y = Q.03, cycle = 0.40. The records were made only after 
the interruptions were completed. 
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proved. A cut was first made along the auricular border of the sulcus. This 
was without effect. Ligatures were tied across above and below the node 
without change. A clamp was now placed along the intercaval border, con- 
necting the ligatures above and below and gradually tightened. Auriculoven- 
tricular rhythm resulted. The As-Vs interval shortened from 0.12 of a second 
to 0. The cycle lengthened from 0.40 to 0.53. On loosening the clamp sino- 
auricular rhythm returned. The transition from sino-auricular to auriculo- 
ventricular rhythm was abrupt, within one beat. Following the normal cycles 
of 0.40, there occurred a pause of 0.67 of a second and auriculoventricular 
rhythm set in at once with As-Vs of 0, cycle of 0.53. The production of and 
recovery from auriculo-ventricular rhythm was brought about several times 
by tightening and loosening the clamp. Later, after loosening the clamp, 
auriculoventricular rhythm continued. 

Stimulation of the right vagus nerve in this condition produced a transitory 
return of sino-auricular rhythm lasting for seven cycles, then return of auriculo- 
ventricular rhythm. The inotropic effect of the vagus on the auricle made it 
evident visually that the region of the sino-auricular node was beating at 
a much faster rate than the auricles or ventricles, and that we were dealing 
either with a definite partial or complete sino-auricular heart block. Electrodes 
were therefore placed in the usual position and the above procedures duplicated. 
These records show (Figs. 4 and 5), reading from top to bottom, (1) time 
in one-fifth second intervals; (2) signal pen; (3) galvanometer thread con- 
nected to electrodes on sino-auricular node and right auricle; upward movement 
of the curve indicating negativity in the node; (4) systoles of the right 
auricle, and (5) right ventricle, the systole being indicated by down strokes 
in each case. Figure 4 shows the transition from sino-auricular rhythm to 
auriculoventricular rhythm with complete sinoventricular block, as a result of 
tightening the clamp along the intercaval border.' The transition occurs within 
one cycle. It is evident that the sino-auricular node is giving evidence of its 
activity here independently of the activity of any other part of the heart. 
The normal cycle length averages 0.42 of a second and the sino-auricular node 
continues to discharge at this rate during the auriculoventricular rhythm. The 
rate of discharge of the auriculoventricular node, which is now acting as 
pacemaker for the heart, is given by a cycle length averaging 0.55 of a second. 

Figure 5 shows the effect of vagus stimulation. The clamp was tightened 
just enough to produce auriculoventricular rhythm before this procedure. 
The sino-auricular rate of discharge before the vagus stimulation was indi- 
cated by a cycle length of 0.44 of a second. The auriculoventricular node dis- 
charged at intervals of 0.54 of a second. During the vagus stimulation there 
was a greater depressing effect evident on the discharge of the auriculoven- 
tricular than on the sino-auricular node, due, no- doubt, to the fact that the 
ligatures and clamp had interfered with a part of the connections of the 
latter with the nerve. There is no definite relation between the sinoventricular 
and auriculoventricular impulses, during or before the stimulation, and the con- 
dition is evidently one of complete block. 13 The above procedures were 
repeated several times: normal sino-auricular rhythm, production of auriculo- 
ventricular rhythm by gradually clamping, the influence of vagus stimulation, 
and finally the return of sino-auricular rhythm as a result of loosening the clamp. 
At no time was there any evidence of partial block. 

13. It may be noted that in this and in subsequent periods of vagus stimu- 
lation, while auriculoventricular rhythm and complete sinoventricular and sino- 
auricular block persisted, the auriculoventricular interval lengthened from 0 to 
an average of about 0.08 of a second. Lengthening of the As-Vs interval on 
vagus stimulation during auriculoventricular rhythm does not necessarily mean, 
therefore, the return of sino-auricular rhythm, as has been generally assumed. 
A further example of this is given in Figure 6. 
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node. It is evident that if the condition of depressed conductivity 
between the sino-auricular and auriculoventricular nodes developed 
to the point at which every other or even every third impulse prising 
in the former node would be blocked, the automaticity of the auriculo- 
ventricular node would at once become dominant and auriculoven- 
tricular rhythm appear. In the average dog’s heart, therefore, the 
relations of automaticity between the two nodes are such that a partial 
sino-auricular block of greater degree than that represented by the 
blocking of every third or fourth impulse from the sino-auricular 
node would be impossible. Two to one partial block would be possible 
only in these cases in which the automaticity of the auriculoventricular 
node was less than half that of the sino-auricular node. This condition 
was not met with in the thirty-five experiments mentioned above nor 
in any of the experiments of the present series. 

It seems evident, therefore, in order for sino-auricular block of a 
type approaching that seen in auriculoventricular block, a 2 to 1 or 
even a 3 to 2 block, to develop, at least two conditions must be 'pres- 
ent : ( 1 ) a degree of depression in the sinoventricular conducting path 
of exactly the right amount to block every other or every third sino- 
auricular impulse and no more; and (2) a greater difference in auto- 
maticity between the sino-auricular and auriculoventricular node than 
the average or indeed that which seems normally to exist. It seems 
probable that in any case in addition to the depression in conductivity 
there must be a depression also of the normal automaticity of the 
auriculoventricular node. 

The previously reported cases of supposed clinical and experimen- 
tal sino-auriculo heart block, we believe, show certain interesting 
features in this connection. Of the nine clinical cases in which the 
absence of beats in an otherwise regular auricular rhythm were satis- 
factorily determined 9 in only one was the condition ever such as to 
lead to the interpretation of a condition of a partial sino-auricular 
block in which more than every other impulse was blocked (2 to 1 
sino-auricular block). In this case (Case 2 of Levine) pauses equal 
to as long as five normal heart cycles were encountered. It is signifi- 
cant in this case, however, that at times, as a result of prolonged 
blocking of the sinus impulses, the heart began beating, not in auiiculo- 
ventricular rhythm, but with an independent ventricular (idioventricu- 
lar) rhythm. It is fair to conclude, therefore, in this case that the 
automaticity of the auriculoventricular node was much depressed or 

f 

8. Certain experiments which we have performed on the cats heart, and 
which will be reported subsequently, indicate an even closer relation e ween 
.the automaticity of the sino-auricular and auriculoventricular no e (par icu 
larly the auricular portion or coronary sinus region) in these animals tnan 

in the dog. T . t-. . . A 

9. Eyster and Evans: Footnote 3, second reference. Levine: footnote 
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and during. which As-Vs imprtened progressively from 0.11 to 0.02 of a second. 
These were followed by a pudden return of sino-auricular rhythm with Sa-Av — 
0.04 of a second, and a gradual lengthening of As-Vs. The change in the seat 
of the pacemaker occurred within one beat, while the As-Vs shortened gradu- 
ally and also returned only gradually to its normal length on the restoration 
of sino-auricular rhythm. Tying the ligature across the sulcus below the 
node produced permanent auriculoventricular rhythm with As-Vs — 0. The 
cycle lengthened from 0.32 to 0.39 of a second. Av-Sa — 0.036 of a second. 
Vagus stimulation was without influence until the two ligatures were removed, 
when a transitory period of return of sino-auricular rhythm occurred, with 
S’a-/l2/™0.0S, As-Vs — 0.08 of a second. There was no evidence of partial 
block during the transitions from one type of rhythm to the other. 

Experiment 30. — Normally Sa-Av — 0.031, As-Vs — 0.19, cycle = 0.35 of a 
second. A ligature was laid across the sulcus above the sino-auricular node. 
The first cycle after tying this ligature is an auricular extrasystole. The third 
cycle shows Sa-Av— 0.035, while As-Vs has shortened to 0.027 of a second. 
The fourth cycle shows the same Sa-Av, while As-Vs has become zero. The 
fifth cycle shows Av-Sa — 0.032, As-Vs — 0. The sixth to the thirteenth cycles 
show Av-Sa — 0.064, Vs- As— 0.023. The fourteenth cycle is an ectopic ven- 
tricular beat. The fifteenth cycle shows Sa and Av simultaneous, As and Vs 
simultaneous. The sixteenth cycle after the ligature was tied shows Sa-Av — 
0.04, As-Vs — 0. In the succeeding cycles, Sa-Av remains about the same, 
As-Vs gradually lengthens through succeeding cycles to 0.014, 0.051, 0.086, 
0.125, 0.150, 0.160, 0.166 of a second. The twenty-fifth cycle after the liga- 
ture was tied shows 5’a-^4z' = 0.05, As-Vs — 0.17 of a second. 

Ligaturing across the sulcus above the head of the node thus produced 
transitory auriculoventricular rhythm lasting for fourteen cycles, with return 
to sino-auricular rhythm with increased Sa-Av conduction time. In the transi- 
tion into auriculoventricular rhythm the change from Sa-Av to Av-Sa was 
abrupt, the change in As-Vs more gradual. This is even more marked dur- 
ing the return to normal sino-auricular rhythm. Here the change from Av-Sa 
to Sa-Av occurred within two cycles, while As-Vs showed a gradual and pro- 
gressive increase extending over seven cycles. 

Ligaturing across the sulcus below the node caused no change except a 
moderate shortening of As-Vs. After this ligature was tied, Sa-Av — 0.05, 
As-Vs — 0.13, cycle = 0.38. Clamping along the intercaval border of the sulcus 
caused no further change. 

Experiment 31. — Normally Sa-Av — 0.014, As-Vs — 0.09, cycle = 0.41. Liga- 
tion above the head of the sino-auricular node produced transitory auriculo- 
ventricular rhythm with changes similar to those described in the last experiment. 

Experiment 32. — The changes in Sa-Av during the establishment of tran- 
sitory auriculoventricular rhythm as a result of ligation above the sino- 
auricular node differ from those in Experiment 30, in that they occur gradually 
and not abruptly. These changes in successive cycles subsequent to the liga- 
tion are as follows: Sa-Av — 0.010, 0.007, 0.006, 0.005; Av-Sa = 0.004, 0.007, 
0.014, 0.010, 0.010, 0.010, 0.006, 0.000; As-Vs — 0.090, 0.073, 0.072, 0.073, 0.060, 
0.058, 0.057, 0.063, 0.063, 0.063, 0.068, 0.078; Sa-Av— 0.015, 0.017, 0.020; As-Vs — 
0.088, 0.091, 0.010. 

Ligation across the sulcus below the node produced at first lengthening of 
Sa-Av to 0.035, and within one minute after the ligation there was auriculo- 
ventricular rhythm with Av-Sa — 0.027, As-Vs — 0, cycle = 0.44. Vagus stimu- 
lation failed to produce a return of sino-auricular rhythm, but caused the 
occurrence of numerous idioventricular beats. 

Experiment 33. — Normally Sa-Av — 0.036, As-Vs — 0.18, cycle = 0.36. Dur- 
ing ligation above the head of the node there occurred successively two normal 




Part 2 

Fig 5.— Influence of stimulation of the vagus on complete sino-auricular and sinoventricular heart block. The record is similar to 
that of Figure 4 and is from the same experiment. Complete block was induced by the clamp along the intercaval border. The record 
shows the end of a period of vagal stimulation. The chronotropic effect is much greater on the auriculoventricular than on the 
sino-auricular rhythm. 
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one-half minute later, showed Vs-As— 0.02, cycle = 0.53, and one minute later 
a definite auriculoventricular rhythm was evident with Av-Sa~0. 02, As-Vs — 
0.03, cycle = 0.50. The change to definite auriculoventricular rhythm was thus 
gradual. At no time was there evidence of partial block. The auriculoven- 
tricular rhythm was permanent. Vagus stimulation temporarily lengthened 
As-Vs to 0.085, but caused no change in the seat of impulse formation. 13 
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node and the occurrence of auriculoventricular rhythm. In these cases 
in which conduction to the auriculoventricular node persists by way 
of the right auricle, auriculoventricular rhythm is in all cases pro- 
duced finally by interruption of this conduction path. Every case of 
auriculoventricular rhythm produced by abolition of the sinoventricu- 
lar conduction paths may be considered as potentially one of complete 
sinoventricular heart block. Whether this condition can be actually 
constituted depends on whether one can prove that the sino-auricular 
node continues in activity under those circumstances. This we have 
succeeded in doing in two of the cases of auriculoventricular rhythm 
occurring in the experiments reported in this paper (Experiments 20 
and 25). In the remainder there has been no evidence obtainable that 
the sino-auricular node continues to discharge when its function as 
pacemaker for the heart has been taken over by a region of lower 
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Fig. 6. — Vagal stimulation during auriculoventricular rhythm may lengthen 
the As-Vs interval without causing a return of the pacemaker to the sino- 
auricular node. The records are to be interpreted as Figures 1 and 2. The 
left part of the illustration shows the condition before, and the right, during 
stimulation of the right vagus nerve. ' 

automaticity. These two instances demonstrate for the first time, 
however, the experimental possibility of complete sinoventricular 
block, that condition in which the sino-auricular node continues to 
generate impulses at approximately its normal rate and at a faster rate 
than the other region which is acting as the seat of origin of the heart 
beat. The excitations, arising within the sino-auricular node, exert 
no influence because of the interruption of the conduction paths con- 
necting this region with the other parts of the heart (Figs. 4 an ). 

When the normal path of conduction from the sino-auricular node 
to the right auricle is abolished, the right auricle may continue to 
receive impulses from the node by way of the sinoventricular path, 
as described above. Interruption of the direct auricular connections 
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mice and in rabbits after phenylhydrazin poisoning ; by Pol n in rabbits 
after phenylhydrazin poisoning; by Jolly 0 in 1905 in normal pregnant 
rats, in new-born mice and white rats, as well as the embryos of 
white rats and mice; by Morris 3 in 1907 after pyrodin poisoning in 
rabbits. Morris 7 also observed the bodies in nine cases of pernicious 
anemia, two cases of anemia of infants, two cases of secondary anemia 
and three cases of chronic myeloid leukemia. Naegeli 8 in 1908 also 
saw these particles in the blood of pernicious anemia, in the embryos 
of animals and in different forms of anemia. Cabot 0 pictures mul- 
tiple nuclear particles in the bone marrow cells which were not found 
in the peripheral blood. Richards and Johnson 10 and Huber 11 observed 
these same bodies in congenital hemolytic jaundice. 

In all of these cases nuclear particles were found only occasionally, 
except in the cats’ blood. Although some of the bodies found in the 
cats’ blood did not conform entirely with the reactions of nuclear 
material, it seems to be generally accepted that they are true nuclear 
particles or directly derived from nuclei. 

In 1909 Morris 7 called attention to these nuclear particles in the 
blood of a patient whose spleen had been removed, but at that time he 
did not attribute their occurrence to the removal of the spleen. In 
1908 Schur 12 found many nuclear particles in the erythrocytes of a 
patient who showed a markedly atrophic spleen at necropsy. O. Roth 13 
in 1912 observed nuclear particles in the red blood cells of a patient 
whose spleen had been removed twelve years previously, and he esti- 
mated that there were as many as 20,000 per cubic millimeter. Mosse 1 ' 1 
in 1913 found the “Jolly-korperchen” regularly after splenectomy. 

5. Pol: Studien zur pathologischen Morphologic der Erythrocyten; Thesis, 
Heidelberg, 1905, cited by Morris. 

6. Jolly: Sur la formation des globulares rouges des mammiferes, Compt. 
rend. Soc. de biol., 1905, 68 , 528 ; Sur revolution des globulares rouges dans 
le sang, ibid., 593. 

7. Morris: Nuclear Particles in Erythrocytes, The Archives Int. Med., 
1909, 3 , 93. 

8. Naegeli: Ueber Basophile Granulations der Erythrocyten bei Embryonen, 
Folia Haemat., 1908. 

9. Cabot: Clinical Examination of the Blood, 1908. 

10. Richards and Johnson: Study of a. Case of Congenital Hemolytic Jaundice, 
Jour. Am. Med. Assn., 1913, 61 , 1586. 

11. Huber: Ueber die Blutveranderungen bei Icterus Haemolyticus, Berl. 
klin. Wchnschr., 1913, 50, 681. 

12. Schur: Ueber eigenartige basophile Einschliisse in den roten Blutkor- 
perchen bei einem Fall von Abgelaufenem Morbus Basedowii mit nachfolgender 
schwerer macrocytischer anamie, Wien. med. Wchnschr., 58, 511. 

13. O. Roth: Ueber merkwurdige Erythrocyten Einschliisse bei einem Fall 
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4. Complete sinoventricular block is a possible condition whenever 
auriculoventricular rhythm develops as the result of abolition of the 
sinoventi icular conduction path. If the sino-auricular node continues 
undei these conditions at its normal rate or at a faster rate than the 
remainder of the heart, the condition is one of complete sinoventricu- 
lar block. We have been able to obtain this condition in two of the 
cases of auriculoventricular rhythm resulting' in those experiments 
from abolition of the sinoventricular conduction path. 

SUMMARIES OF EXPERIMENTS 

Experiment 1.— Electrocardiograms were made throughout the experimental 
procedures from Lead II. Torsion on exposed sino-auricular node by means 
of fine-pointed forceps produced shortening of PR interval. The gradual 
clamping of nodal tissue produced fusion of the P and R waves. There was 
no evidence of partial block at any time. 

Experiment 2. — Electrocardiograms were made from Lead II. Suspension 
curves of right auricle and right ventricle. The upper portion of sino-auricular 
node was caught in blunt forceps and submitted to torsion and twisting. There 
were numerous extrasystoles, but no evidence of block. Clamping the node 
produced coronary sinus rhythm, as indicated by the shortening of the As-Vs 
interval, lengthening of the cycle, and so confirmed by the determination of 
the point of initial negativity. 

Experiment 3. — Electrocardiograms were made from Lead II. Comparisons 
were made to determine the seat of initial negativity and the relation of nega- 
tivity in different regions to mechanical systole of the right auricle. Sus- 
pension curves of right auricle and right ventricle. The gradual clamping of 
the sino-auricular node with a specially devised clamp produced auriculoven- 
tricular rhythm with As-Vs = O; P and R fused. There was recovery of 
the normal rhythm on loosening the clamp. There was no evidence of partial 
block on passage into or recovery from auriculoventricular rhythm. 

Experiment 4. — This was similar in every way to the last experiment. The 
clamping produced coronary sinus rhythm. There was no evidence of block. 

Experiment 5. — This was similar to the last experiment. Clamping of the 
sino-auricular tissue produced numerous extrasystoles, an attack of auricular 
flutter, and finally recovery with heart in coronary sinus rhythm. There was 
no evidence of block. 

Experiment 6. — This experiment was similar to the last, except that 10 per 
cent, cocain solution was applied to the sino-auricular node. This resulted in 
passage into auriculoventricular rhythm without evidence of block. 

Experiment 7 .—' This was similar to the last experiment. Several applica- 
tions of 10 per cent, and 20 per cent, cocain solution caused at first temporary 
slowing of the sino-auricular rhythm without a change in the seat of the pace- 
maker. Later, a period of auriculoventricular rhythm resulted with subse- 
quent recovery of normal sino-auricular rhythm. There was no evidence of 
partial block at any time. 

Experiment 8.— This was similar to the last experiment. Various strengths 
of nicotin applied to the sino-auricular node, namely, 1, 5, and 10 per_ cent, 
produced slight slowing of the sino-auricular rhythm without change in the 
seat of the pacemaker. Twenty-five per cent, caused transitory auriculoven- 
tricular rhythm with each application. There was no evidence of partial block. 

Experiment 9.— This was similar to the last experiment. Weaker strengths 
of nicotin produced slowing of the sino-auricular rhythm. Transitory periods 
of coronary sinus rhythm were caused by 25 per cent, nicotin. T rere was n 
evidence of block at any time. 
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operations, presumably because until recently attention has not espe- 
cially been called to their constant appearance in such large numbers 
immediately following splenectomy. 

The following cases of splenectomy were studied with special 
reference to the changes which occurred in the red blood cells : 

Case 1 (15-1508) (an atypical case of pernicious anemia with jaundice and 
ascites; marked improvement after splenectomy). — A Hungarian, aged 35, 
entered the University Hospital Oct. 26, 1915, complaining of weakness, loss 
of appetite, bloating and swelling of the feet. The family and personal history 
were unimportant. The present illness began in December, 1914, with weak- 
ness and loss of appetite. There was a marked improvement up to May, 1915, 
when a relapse occurred, with jaundice and swelling of the abdomen and feet. 
During his first stay in the hospital there were occasional sharp pains which 
radiated to the left back. 

On examination the patient showed a markedly sallow complexion, edema 
of the ankles, puffiness about the eyes and signs of ascites. There was no gen- 
eral adenopathy. The spleen could be felt, but the size of the liver could 
not be definitely determined. There were marked signs of anemia; other 
blood changes will be discussed later. 

The patient improved markedly, and left the hospital Dec. 9, 1915. He 
reentered on Jan. 29, 1916. In the interim his appetite had become worse, 
the ascites and edema more marked; there had developed a constant pain on 
both sides of the upper abdomen and the jaundice had gradually deepened. 
The anemia, however, had not grown worse. At no time were there any 
definite neurologic disturbances. On account of the ascites the size of the liver 
and spleen could not be definitely determined. The Wassermann was nega- 
tive. The urine gave a positive test for urobilinogen on the first entrance 
and a very marked positive test on the second entrance. There was an 
achlorhydria, and no occult blood or parasitic ova were found in the stools. 

The blood, as indicated in the table, showed a marked anemia, with a 
high color index and changes in the erythrocytes resembling those of per- 
nicious anemia. There were, however, fewer macrocytes than usually occur 
in pernicious anemia. 

The spleen was removed by Dr. Darling on Feb. 3, 1916. At the operation 
a large amount of bile-stained ascitic fluid was found. The liver was some- 
what enlarged, very firm and slightly paler than normal. The head of the 
pancreas felt larger and firmer than normal. The spleen was about three times 
the normal size. The pathologic examination by Dr. Warthin showed, “increase 
of stroma, marked passive congestion, all the blood spaces dilated, splenic 
follicles large, but the pulp showing rather marked lymphoid exhaustion. 
There were no myeloid changes, but the spleen looked as in early Banti's 
disease.” 

The convalescence was uneventful except for a slight fever from the fifth 
to the eighth postoperative day. The jaundice and edema disappeared after 
about three weeks. Urobilinogenuria remained markedly positive for thirty- 
one days and then disappeared. 

Case 2 (16-485) (a case of pernicious anemia with edema, but without 
marked signs of hemolysis). — An American woman, aged 48, entered the hos- 
pital April 1, 1916, complaining of general weakness, swelling of the feet and 
ankles. The family history was unimportant. The patient had always enjoyed 
good health up to that illness, which began insidiously with weakness and 
indefinite aching pains in the arms and shoulders, but without paresthesia. A 
few weeks prior to the entrance to the hospital the feet and ankles began to 
swell. There had been considerable nausea and for a time a severe diarrhea. 

On examination a pale waxy color was noted, no adenopathy, and a very 
slight edema of the ankles. The liver was not enlarged, but the spleen was 
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Experiment 16. — Normally Sa-Av=0.03, Sa-Ra = 0.014, ris-F.j = 0.10 
cycle 0.42. A cut was made along the auricular border of the sulcus; Sa-Ra 
increased to 0.028, with no further change. A cut was made along the inter- 
caval border of the sulcus; the pacemaker removed to the lower end of the 
sino-auricular node; As-Vs— 0.09, cycle = 0.47. A ligature was tied across 
below the sulcus. Auriculoventricular was established, with Av-Sa = 0.019, 
As-Vs = 0.07, cycle = 0.48. There was no evidence of partial block before or 
during the establishment of this rhythm. 

Experiment 17.— Normally Sa-Av= 0.024, Sa-Ra = 0.016, cycle = 0.30. A 
cut was made along the intercaval border of the sulcus, with no change. A liga- 
ture was tied across the sulcus above the node, with no change. Ligatures 
were tied across the sulcus below the node. The first of these caused no 
change; the second produced 1 auriculoventricular rhythm, with Av-Sa = 0. 031, 
Av-Ra = 0.038, As-Vs = 0, cycle = 0.36. No evidence of block in passage into 
this rhythm. 

Experiment 18. — Normally Sa-Av = 0.035, Sa-Ra — 0.03, As-Vs = 0.14, 
cycle = 0.29. A cut was made along the upper half of the intercaval border 
of the sulcus. There was a transitory period of coronary sinus rhythm with 
Sa-Av = 0, As-Vs = 0.09, cycle = 0.33. Later there was a return to normal 
rhythm. A cut was made along the lower half of the intercaval border of 
the sulcus, with no change. A ligature tied across the sulcus below the node 
produced auriculoventricular rhythm with Av-Sa — 0.031, > Av-Ra = 0.047, 
ri.y-F.y = 0.04, cycle = 0.37. There was no evidence of block in the develop- 
ment of this rhythm. 

Experiment 19. — In this experiment galvanometer records were made only 
at times to determine with certainty the position of the pacemaker. Frequent 
records were made of the systole of the right auricle and ventricle on a 
Hurthle kymographion. Ligatures were laid across the sulcus above and below 
the node. The upper one was tied without result; the lower one produced 
auriculoventricular rhythm. The As-Vs interval shortened from 0.11 to 0.03; 
the cycle lengthened from 0.38 to 0.47. This ligature was now removed and 
normal rhythm returned, ' with As-Vs = 0.12, cycle = 0.38. 

With the ligature above the node remaining tied, the lower ligature was 
removed and a clamp was inserted along the intercaval borders of the sulcus. 
Putting it in position produced no effect, nor did screwing it down tight. The 
clamp was now loosened and the ligature laid and tied across the sulcus below 
the node. This produced auriculoventricular rhythm with recovery of sino- 
auricular rhythm after removal. Later auriculoventricular rhythm was again 
established. Sino-auricular rhythm returned on application of warmth to the 
head of the sino-auricular node. This rhythm remained after tying the liga- 
ture again b.elow the node, but auriculoventricular rhythm resulted when the 
clamp along the intercaval border was tightened. Loosening the clamp, remov- 
ing upper and lower ligatures and warming the node resulted in a return of 
sino-auricular rhythm. Auriculoventricular rhythm was again produced by 
replacing the ligatures and gradually tightening the clamp. Finally, applica- 
tion of heat to the node caused return of sino-auricular rhythm, with liga- 
tures and clamp in place. Transitory auriculoventricular rhythm with recovery 
was now produced several times and at will by traction on one or the other 
of the ligatures. Records were taken throughout the above procedures. Usu- 
ally the transition from sino-auricular to auriculoventricular rhythm occurs 
within one beat, in other cases the changes were gradual. None of the records 
give any indication whatever of partial block at any time. 

Experiment 20. — This experiment is similar as to the procedures carried 
out and the results obtained as the last, except that the condition of complete 
sino-auricular block during the periods of auriculoventricular rhythm was 
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Experiment 21. This experiment was similar to the last. A cut was made 
along the auricular border of sulcus, ligatures were applied above and below 
t le sino-auricular node, and a clamp along the intercaval border of the sulcus 
Coronary sinus rhythm was produced by tightening the clamp. The galva- 
nometer records showed no indication of activity of the sino-auricular node 
independent of that of the coronary sinus region. The apparently dropped 
beats observed in the records of the mechanical systoles were shown by the 
galvanometer records to be pauses following extrasystoles. 

Experiment 22. Cuts were made along the auricular border of the sulcus 
and across the sulcus above and below the sino-auricular node without pro- 
ducing loss of function of the node as pacemaker. A clamp was now applied 
along the intercaval borders of the sulcus and was gradually tightened. The 
records made during this procedure showed no change until the sudden occur- 
rence of auriculoventricular rhythm. As-Vs shortened from 0.08 to 0; the 
cycle lengthened from 0.40 to 0.50. There was no indication of partial block. The 
galvanometer records show no indication of activity of the sino-auricular node 
independent of the auriculoventricular node during the auriculoventricular 
rhythm. 

Experiment 23. — Cuts along the auricular border of the sulcus, above and 
below the node, caused no change in the pacemaker. Clamping along the inter- 
caval border of the sulcus produced auriculoventricular rhythm. Normal rhythm 
returned on loosening the clamp and warming the sino-auricular node. Auriculo- 
ventricular rhythm was produced by again tightening the clamp. The sino- 
auricular rhythm was restored by loosening the clamp and warming the node or 
by mild vagal stimulation. These experiences were repeated a number of 
times with records made during all procedures. There was no indication at 
any time of partial sino-auricular block. 

Experiment 24. — This was practically identical in procedures and results 
to the last experiment. 

Experiment 24. — This was practically identical in procedures and results 
conclusively that complete sinoventricular and sino-auricular block may be asso- 
ciated with auriculoventricular rhythm. Auriculoventricular rhythm was pro- 
duced by a cut along the auricular border of the sulcus and ligatures above 
and below the node. Tying permanently one of these ligatures and traction 
on the other was sufficient to cause auriculoventricular rhythm to develop, 
sino-auricular rhythm returning on cessation of the traction. Galvanometer 
records showed an independent and more rapid discharge of the sino-auricular 
node during the periods of auriculoventricular rhythm. Numerous records 
made during the transition from one type of rhythm to the other showed no 
evidence at any time of partial block. During the auriculoventricular rhythm, 
vagus stimulation caused a greater slowing of the discharge from the auriculo- 
ventricular than the sino-auricular node. 

Experiment 26. — The coronary sinus rhythm was produced by a cut along 
the auricular border, ligatures above and below the node and clamping along 
the intercaval border of the sulcus. 

Experiment 27.— This was similar to last experiment. The coronary sinus 
rhythm was produced by a cut along the auricular border and ligatures above 

and below the node. 

' Experiment 28.— This was similar to last experiment. The aunculoven- 
tricular rhythm was produced by ligatures above and below the node an c amp 
ing along the intercaval border. 

Experiment 29.— Tying a ligature above the node caused a lengthening of 
the Sa-Av conduction time from 0.019 to 0.023. After four cycles there were 
six cycles of auriculoventricular rhythm in which Av~Sa — QM7 of a seconc , 
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oval, discrete nuclei, a pale, flimsy cytoplasm and numerous large azure 
granules. After about eight days these mononuclear cells disappeared 
and at the same time large numbers of degenerating cells were present. 
This crisis of large mononuclear cells cannot be attributed to the 
removal of the spleen, because in Case 2 there was a similar transient 
increase in the large mononuclears two days before the spleen was 
removed. 

In Case 2 there was a more marked initial leukocytosis, which 
gradually decreased. As will be seen from the table; there was also 
an actual though variable increase in the large mononuclear and transi- 
tional forms. This was not so marked as in Case 1. There was also 
a marked decrease in the eosinophilic and basophilic polymorpho- 
nuclear, as well as in the large and small lymphocytes, which was fol- 
lowed by an increase after the first week. Possibly the mild pneu- 
monia affected the blood picture in this case, although the formula 
of change after operation is similar to that noted in Case 1. The 
white cell count in Case 2 decreased gradually despite the intercurrent 
injection. 

The blood platelets, which were almost absent in both patients pre- 
vious to splenectomy, showed a progressive increase. This was espe- 
cially marked in Case 2, in which the platelets were characterized by 
the presence of unusually large forms. 

The blood in Case 3 was interesting from the fact that in the 
smear examined, eight years after splenectomy, there was a marked 
absolute increase in the lymphocytes. 

CHANGES IN THE RED CELLS 

Both of our cases showed a fall in the number of red blood cells 
and in the percentage of hemoglobin. This persisted for about two 
weeks after the operation. 

The red cells in Case 1 became more normal in size and shape as 
recovery took place, while in Case 2 the macrocytosis became more 
marked, especially about two weeks after the operation. The changes 
in the red blood cells in Case 1 on the whole became less like per- 
nicious anemia as improvement took place, although the color index 
remained high, while in Case 2, with unquestioned pernicious anemia, 
these changes were even more marked during the period of our obser- 
vation. On a return examination eleven weeks after operation there 
existed the same changes in the size and shape of the red blood cells, 
although there apparently was a decrease in hemoglobin and a marked 
lowering of color index. 

Polychromasia was more noticeable during the early weeks follow- 
ing splenectomy, but was not in any definite way associated with the 
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beats, one ventricular extrasystole, one cycle, in which 5a and Av .were simul- 
taneous and As-Vs — 0.045, one ventricular extrasystole, one normal beat, one 
ventricular extrasystole, one auriculoventricular beat with Av-Sa = 003 
As-Vs — 0, one ventricular extrasystole, two normal beats, ‘ ’ 

extrasystole with retrograde conduction (Vs- As 
systole. Then normal cycles continued with 
cycle = 0.37. 


one ventricular 
= 0.08), one ventricular extra- 
Sa-Av— 0.04S, As-Vs = 0.16, 


Ligation of sulcus below the sino-auricular node now caused successively 
one cycle with Av-Sa = 0.07, Vs-As— 0.06S, one cycle with Sa-Av = 0 02 
As-Vs = 0, one cycle with Sa-Av = 0.03, As-Vs = 0.135, then continuance ’ of 
normal cycles with Sa-Av = 0.04, ■ As-Vs = 0.14, cycle = 0.43. 

Clamping the tissue along the intercaval borders of the node produced 
auriculoventricular rhythm with Av-Sa = 0.019, As-Vs =0.10, cycle = 0.49. The 
onset of this rhythm was abrupt. No further influence was exerted by a cut 
along the auricular border of the sulcus. 


Experiment 34.— Normally Sa-Av = 0.022, As-Vs = 0.1 5, cycle = 0.54. Liga- 
tion across the sulcus below the node produced temporary reversal of the 
galvanometer on the sino-auricular node, then Sa-Av increased to 0.05, As-Vs 
increased to 0.17, and the cycle to 0.50. Later Sa-Av shortened to 0.03. Liga- 
tion across the sulcus above the head of the node produced several ectopic 
beats; then Sa-Av increased to 0.045, As-Vs = 0.18, cycle = 0.47. Clamping 
along the intercaval border of the sulcus increased Sa-Av to 0.05, and one 
minute later abrupt onset of auriculoventricular rhythm occurred, with Av-Sa= 
0.014, As-Vs = 0.13, cycle = 0.62. The clamp was now removed and placed 
along the auricular border of the sulcus. Following the loosening of the 
clamp, sino-auricular rhythm returned, with Sa-Av= 0.03, As-Vs =0.17, cycle = 
0.47 (Fig. 1). Clamping the auricular border of the sulcus produced sino- 
auricular and sinoventricular heart block. The results are shown in Figures 2 
and 3. In the record (Fig. 2) the upper galvanometer curve records the 
activity of the sino-auricular node, the lower the auriculoventricular node. 
The upper tambour curve records, by its downstroke, mechanical systole of 
the right auricle; the lower, mechanical systole of the right ventricle. It will 
be seen that each period of activity in the sino-auricular node is followed by 
activity in the auriculoventricular node, but progressively later. The Sa-Av 
conduction period thus gradually lengthens until complete failure of conduction 
occurs. Three records made in the course of three minutes during this con- 
dition show that usually it was every sixth sino-auricular impulse which was 
blocked. Occasionally every fifth or every sixth sino-auricular impulse failed 
to be conducted. The condition may therefore be termed 6 to 5 and 5 to 4 
partial sino-auricular and sinoventricular block. There was a small open 
path of tissue about 4 mm. wide between the lower end of the clamp and 
the ligature across the lower part of the sulcus. Clamping this region did 
not increase the degree of block, but produced prompt auriculoventricular 
rhythm. 

Experiment 35. — Normally Sa-Av= 0.013, As-Vs = 0.10, cycle = 0.36. Tying 
a ligature across the sulcus below the node caused at first three ectopic beats, 
then normal cycles, but with increased Sa-Av conduction (0.024). This returned 
after removal of this ligature, to 0.015 of a second. Ligation across the sulcus 
above the node lengthened Sa-Av to 0.04, but caused no further change. Tying 
a ligature below the node again produced in succession one normal cyck^ ' v ' ^ 
Sa-Av = 0.036, As-Vs = 0.12; one auriculoventricular cycle with Av-Sa— 0.32, 
As-Vs — 0.048; one cycle with Sa and Av simultaneous, As-Vs— 0.08; and 
then normal cycles with Sa-Av = 0.036, As-Vs= 0.105, cycle 0.38. One-ia 
minute later the condition was the same, one minute later 5a and Av were 
found to be simultaneous; As-Vs =0.035, cycle = 0.45. The next recor , 




Drawn with Zeiss camera lucida, Vie oil immersion, No. 4 ocular. Figures 
1 to 40 were stained with Wright’s stain, showing transitions from the normo- 
blast to the nuclear particles. Figures 41 to 45 were stained with methyl-green-- 
pyronin after heat fixation. Figure 40 is a normoblast with basophilic granules. 
Figure 45 is a cell containing both basophilic granules and nuclear particle. 



THE OCCURRENCE OF NUCLEAR CHANGES IN THE 
RED BLOOD CELLS FOLLOWING SPLENECTOMY* 


QUINTER o. GILBERT, M.D. 

ANN ARBOR, MICH. 

Much attention has recently been given to the role and function of 
the spleen. Its relation to the destruction of red cells and to the 
catabolism of hemoglobin has been particularly emphasized, whereas 
much less has been noted concerning the function which it may play 
in controlling or affecting the histogenesis of these cells. The view 
that the histogenesis of red corpuscles is in some way dependent on 
splenic function is based primarily on the observation that following 
splenectomy the red blood cells show nuclear particles (so-called 
Howell-Jolly bodies), which were not present before the operation. 

Howell 1 in 1890 noted that following hemorrhage the erythrocytes 
of cats often showed small bodies, in many respects resembling nuclear 
material. These were described as “single, good-sized pieces of 
nuclear material, too large to be called granules, but having the shape 
and appearance of large nucleoli, which always lay imbedded in the 
periphery of the spherical corpuscle.” 

These bodies were also studied by Schmauch 2 and by Morris. 3 
Although they were found to resemble nuclear bodies in that they were 
oval or round and took the nuclear stains, they differed from nuclear 
material in that they did not stain after fixation with ethyl alcohol, 
with methyl alcohol, with alcohol and ether, with alcohol and formalde- 
hyd or with heat for thirty seconds at the spheroidal point for water. 
Fixation with heat and shorter fixation with alcohol and formalde- 
hyd preserved these bodies fairly well. 

Similar bodies were found by Schmauch 2 in 1899 in cats’ blood 
after pyrodin poisoning and after the administration of the extract of 
Bothriocephalus latus; also by Schmidt 4 in 1902 in new-born rats, adult 
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normoblastic nucleus, or (2) the particles may arise as a result of 
direct fission, usually associated with nuclear condensation. Judging 
from the staining reactions, we conclude that the cells in which these 
changes were taking place were normal in every other respect. They 
usually stained like cells with the amount of hemoglobin of mature 
cells. Further, the nuclei of normoblasts, from which nuclear par- 
ticles were seen to have arisen, and the nuclei of red cells, in which 
definite nuclear particles also occurred without evident division forms, 
were not decrepit and degenerating, but were, for the most part, to 
all appearances young, healthy nuclei. Occasionally, however, there 
were cells in which the normoblastic nuclei showed signs of degenera- 
tion, such as regular and irregular ring formation or intrabodily clump- 
ing of the protoplasm of fragmentation, together with a more acido- 
philic staining reaction with Wright’s stain. These cells, as a rule, 
showed other degenerative changes. But with rare exception we have 
noted that the occurrence and divisions of the nuclear particles were 
not associated with degenerative cell changes. 

Apparently direct fission occurred with equal regularity, no matter 
how small the particles became, and this seems to be the most common 
method by which the particles became smaller. No other definite 
scheme of division could be discovered. 

There is reason to believe that many if not eventually all of the 
particles leave the blood cells by a process of extrusion, as shown in 
Figures 37, 38 and 39. This event may occur before the nuclear par- 
ticles have reached their smallest size. We believe the finding of such 
figures shows this process is not an artefact in the preparations, 
because of the relative frequency in the finding and because of the 
number of recognizable, intensely staining nuclear bodies, entirely 
free from the cell bodies; and, further, that they were found in the 
thicker portions of the smears, where the least trauma would occur to 
the red cells in the making of the smears. These extruded nuclear 
particles were especially evident in the vital-stained preparations. 

STAINING REACTIONS 

As noted before, there was some discrepancy in the fixing and 
staining reactions of the bodies described by Howell, and this left some 
doubt as to their relation to true nuclear material. To clarify this 
point we made preparations by numerous ways. With Wright’s stain 
the nuclear particles in our cases stained as intensely as nuclei. They 
were sharply defined, usually with a definite, smooth contour, and in 
no way were they different from small pycnotic nuclei.. Jenner’s stain 
gave equally sharp results. 

After heat fixation for forty-five seconds at the spheroidal point for 
water, the bodies described were found to stain equally as well as the 
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Von DeCastello 1 observed similar bodies in about 5 per cent, of the 
red blood cells one-half year after splenectomy. He, with Riedel, 
found them also in four splenectomized dogs. Hirschfeld and Wcin- 
ert G in 1914 found nuclear particles in guinea-pigs after splenectomy 
and further observed that after bleeding these occurred in much larger 
numbers when the spleen had been removed. They quote Huber as 
having found them in rats and guinea-pigs after splenectomy. In 
addition they studied the blood of fourteen patients from whom the 
spleens had been previously removed. Six of these patients had had 
ruptured spleens, while the remainder had suffered from splenic anemia, 
miliary tuberculosis of the spleen, pseudoleukemia infantum, Band's 
disease or icterus with splenic tumor. Although the examinations 
were made from one to seven years after the operation, the blood 
which might otherwise be normal showed Jolly-ko rperchen in each 
case. Hirschfeld with Klemper 17 noted their presence four hours 
after splenectomy. Morris 18 in 1915 reported three cases in which 
nuclear particles were found after extirpation of the spleen. Barron 19 
in 1915 found “Howell-Jolly” bodies in one case of splenectomy for 
pernicious anemia in which none were found before the operation. Lee, 
Vincent and Robertson 20 in 1915 reported five instances of splenectomy 
in cases of pernicious anemia in two of which the “Howell-Jolly” bodies 
were found the day following the operation and on the second day 
in the other three cases. They remained numerous from two to three 
months after the operation, despite the fact that the normoblasts and 
megaloblasts disappeared from the blood and the destruction of red 
blood cells had decreased or returned to normal limits. Hirschfeld 21 
in 1915 found constantly the same nuclear changes in the red blood 
cells following splenectomy in various blood diseases. And I have 
recently found them in three cases of pernicious anemia without opera- 
tion and in one case of lymphatic leukemia, and in one case of severe 
secondary anemia, but only after prolonged search. 

In most cases no mention is made of their occurrence before the 


15. Von Decastello : Ueber den Einfluss der Milzextirpation auf die Perniciose 
Anamie, Deutsch. med. Wchnschr., 1914, 40, 692. 

16. Hirschfeld and Weinert: Klinische und experimental Untersuchungen 
iiber den Einfluss der Milz auf die erythroplastische Thatigkeit des Knocken- 
marks, Berl. klin. Wchnschr., 1914, 51 , 1026. 

17. Hirschfeld and Klemper : Milzextirpation zur Behandlung der perniciosen 

Anamie, Therap. d. Gegenw. 1913, 54, 385. • 

18. Morris: The Occurrence of Nuclear Particles in Erythrocytes hollowing 
Splenectomy, The Archives Int. Med., 1915, 15 , 514. 

19. Barron: Pathology of Pernicious Anemia, Journal-Lancet, mo, 60 , w. 

20. Lee, Vincent and Robertson: Immediate Results of Splenectomy in Per- 
nicious Anemia, Jour. Am. Med. Assn., 1915,, 65 , 216. , xr , , 

21. Hirschfeld: Ueber die Functionem der Milz, Deutsch. med. Wclmsclir., 

1915, 41 , 1129. 
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clear to us, therefore, that the nuclear particles have no definite rela- 
tion to the granules of basophilic degeneration. 

While nuclear particles are most common after splenectomy, with- 
out corresponding increases in the granulations and nucleated red cells, 
there may be in other blood diseases, as pernicious anemia, marked 
granulations with increase in the number of nucleated red cells with 
none or very few nuclear particles. 

COMMENT 

There can be little doubt that a close relationship exists between 
the loss of splenic function and the appearance of large numbers of 
nuclear particles in the blood. We have shown, as has been observed 
by others, that the nuclear particles occur in large numbers within a 
few hours after the removal of the spleen, and they continue to be 
present after the blood has become in other respects normal. That 
they occur independent of a primary blood disease is shown by the 
fact that they occur after the spleen has been removed in normal 
animals and in men (traumatic rupture of spleen). In no other con- 
ditions are they found with such constancy and in such large numbers 
as after splenectomy. 

Our studies have shown, further, that there is no definite numerical 
relationship between the nuclear particles and the presence of true 
nucleated red cells, or any other quantitative or qualitative changes in 
the peripheral blood. My preparations indicate that the nuclear par- 
ticles originate from otherwise normal nuclei, and that the particles 
do not show in themselves qualitative degenerative processes. 

It is true that following splenectomy there is evidence of increased 
bone marrow activity, as shown (1) by the increase in the number 
of nucleated red blood cells, (2) by the immediate increase in the 
polymorphonuclear neutrophils, and (3) by the increase in the large 
mononuclear and transitional forms. We include here the transitional 
and large mononuclear forms, because, as shown by Evans, 23 and to a 
less extent confirmed by me with the “indophenoblau” reaction, these 
cells, in a large part at least, come from the bone marrow. These 
evidences of increased activity on the part of the bone marrow later 
subside, while the nuclear particles still persist. 

Our staining reactions have shown these particles to be true nuclear 
material, and our drawings illustrate the way they arise from the 
nuclei of red blood cells; and since nuclear particles are present, due 
to the removal of the spleen, we conclude that the spleen in some way 
affects the normal disappearance of nuclear matter from the red blood 
cells. Such nuclear particles have been described in bone marrow, but 

23. Evans : Observations on the Origin and Status of the So-Cailed Transi- 
tional White Blood Cells, The Archives Ixt. Med., 1916, 17, 1. 




THE EFFECT OF HEAT AND CONTINUOUS INCAN- 
DESCENT ELECTRIC LIGHT IN EXPERI- 
MENTAL ARTHRITIS* 


WALTER E.* SIMMONDS, M.D., and J. J. MOORE, M.S., M.D. 

CHICACO 

In a previous paper 1 the writers found that the production of 
experimental arthritis was either prevented or was much milder .in 
degree in rabbits treated with the continuous incandescent electric 
light than in those not so treated. Three of the five series however 
were in a cage the temperature of which was 15 to 20 C. above that 
of the room, giving a combined effect of heat and light. In one series 
the heat was eliminated to a great extent, but the series was too small 
to draw any definite conclusions. A comparison of the groups shows 
that of twelve rabbits treated with the light and heat there was an 
average of one lesion ,per animal, while the twelve controls had an 
average of 2.7 lesions per animal. In the series treated with light 
alone, the temperature being from 4 to 6 C. above the surrounding 
room temperature, six treated had an average of 1.7 lesions, six con- 
trols an average of 2.7 lesions. From this it would appear that light 
and heat produced the better results. 

The following is a continuation of the study with some additional 
phases. Some of the animals were treated by heat alone, while others 
received as far as possible a simple light effect. 

The rabbits used were about 1,000 gm. in weight. Those treated 
by means of an artificial temperature were placed after inoculation into 
a cage having glass sides and a metal door and* top. This was heated 
from below by means of an electric stove or plate.' Platforms were 
introduced within the cage, leaving air spaces between, in order to 
promote radiation in a uniform manner. The temperature was main- 
tained at from 33 to 35 C. 

The cage for light effects was of open wire, allowing a free circula- 
tion of air and containing three 150 watt Mazda globes. The tem- 
perature within this cage was from 4 to 6 C. above the room tem- 
perature. 

The organism used was the Streptococcus hemolyticus of a suffi- 
cient dosage to produce arthritis in from 4 to 7 days, but not of such 

* Submitted for publication Aug. 2, 1916. 

*From the Department of Therapeutics and Experimental Medicine, Uni- 
versity of Illinois, College of Medicine, Chicago. 

1. The Archives Int. Med., 1916, 17 , 78 . 



146 


THE ARCHIVES OF INTERNAL MEDICINE 


definitely felt. Neurologic examination was negative. There was no uro 
bilmogenuna. There was an achlorhydria. The blood urea was oSs gm per 

100 c.c. The urine and Wassermann reaction were negative, and the stools 
were negative for occult blood. 

As will be seen from the table, the blood showed a marked anemia, with 
a high color index. The smears showed a decrease in platelets, some aniso- 
cytosis, a more definite macrocytosis, very few poikilocytes and an occasional 
normoblast and megaloblast. 

Splenectomy was done by Dr. Darling, April 27, 1916. “There was no 
ascites, the liver was not enlarged and not nodular. The spleen was about 
one and one-half times the normal size. There was very little hemorrhage 
at the time of removal.” 

The pathologic examination by Dr. Warthin was as follows : “Chronic 
passive congestion, diffuse fibrosis, sclerosis of arterioles, follicles hyperplastic, 
small peritoneal cyst in capsule; no evidence of excessive hemolysis or of 
increased blood formation.” 

The immediate postoperative recovery was interfered with because of a 
mild pneumonia or pulmonary infarct, which developed on the fourth day, 
followed by a rather delayed resolution. 

Case 3. — A man, aged 37, who now is a practicing physician in good health, 
had his spleen removed for Banti’s disease eight years ago. For the last six 
years his red blood cell count has been constantly about 4,500,000, and the 
white count between 5,000 and 6,000, with a hemoglobin of about 75 per cent. 


CHANGES IN THE WHITE CELLS 

Musser 22 has reviewed the literature of cases of splenectomy in 
which there. was no primary blood disease, and he found that there 
was usually an immediate polymorphonuclear leukocytosis, ofttimes 
a lymphocytosis and in many cases a transient anemia of the secondary 
type. His experiments, conducted in the laboratory of R. M. Pearce, 
have established that after splenectomy in dogs there is (1) on a 
mixed diet a secondary anemia for two and one half months; (2) an 
immediate leukocytosis; (3) an absence of eosinophils at first, fol- 
lowed later by an increase ; (4) a decrease and later an increase in the 
large mononuclear and transitional forms. The effect of splenectomy 
on the blood counts of our patients is shown in the table. 

Case 1, following splenectomy, showed an immediate persistent 
leukocytosis, which was characterized by a marked increase in the 
polymorphonuclear neutrophils and an absolute increase in the large 
mononuclears and transitionals. The lymphocytes, which were abso- 
lutely decreased, and the eosinophilic and polymorphonuclear baso- 
phils, which were absent following splenectomy, later progressively 
increased. 

In the eighth week following splenectomy there was a transient 
but marked increase in large mononuclears, with a decrease in the 
polymorphonuclear forms. These mononuclear cells were about the 
size of the largest polymorphonuclear, and were characterized by 


22. Musser: An Experimental Study of Changes in the Blood Following 
Splenectomy, The Archives Int. Med., 1912, 9, '592. 
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As will be seen in Table 1, the number of joints involved per rabbit 
in the heat-treated group was 0.7, or a total of twelve, one of these 
classed as severe; the number of joint lesions in the light-treated was 
1.6, or a total of twenty-eight, seven being severe; and the number per 
rabbit in the untreated was 2.7 or a total of fifty, nineteen being severe. 

There were five deaths among the heat-treated rabbits, while none 
occurred in the light-treated or the untreated. Postmortem examina- 
tions demonstrated pulmonary lesions in each instance as the cause of 
death. 

The animals treated by heat did not gain as well as the light-treated 
rabbits and were more prone to pulmonary affections. The light 
treated animals, while they exhibited a higher average of lesions, 
gained more weight and death did not occur in any of the rabbits so 
treated. The untreated rabbits gained less than the light-treated and 
seemed in greater distress than either of the other series, their lesions 
were more numerous and severe, but did not result in fatalities. 

TABLE 1.— Comparison of the Total Results in Eighteen Rabbits 
Treated by Heat, Eighteen by Light and Heat, with a 
Similar Number of Untreated Animals 


Number of joints involved per rabbit 

Heat 

Treated 

0.7 

Light 

Treated 

1.6 

Untreated 

2.7 

Severe lesions 

1 

7 

19 

Average gain in grains 

31 

145 

61 

Average daily temperature 

103.4 

103.6 

103.8 

Average maximum temperature 

105.6 

105.2 

105.4 

Deaths 

5 

0 

0 


Further experiments now in progress to ascertain the effect of 
continuous light with heat produced by the light, and the effect of 
light and heat in treating lesions after their appearance, further tend 
to confirm our observations. In fact the results have been so encour- 
aging that apparatus is being constructed for the treatment of human 
patients. 

CONCLUSION 

It is evident from the results of our experiments that the treated 
animals were decidedly benefited as far as the arthritic manifestations 
were concerned. We feel that our series is too small as yet, and 
because the deaths from pulmonary infection somewhat vitiated its 
results we cannot draw any definite conclusions regarding the merits 
of dark heat versus light. 
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occurrence of nuclear particles. Together with the increase in the 
numbei of nucleated red cells, this suggests that some less mature cells 
were in the peripheral blood' at this time. 

v In both patients there was an immediate increase in the number of 
nucleated red blood cells. For the most part they were of the normo- 
blast type. A few typical megaloblasts were found in Case 2. In 
both cases the nucleated forms of red cells, gradually became less 
numerous. During the first two weeks there was a more .marked 
polymorphism of the nuclei of the red cell, as well as division activity, 
characterized chiefly by budding and fission. During this time numer- 
ous transitions between typical nuclei and the nuclear particles could 
be found (Figs. 5, 10, 15, 16 and 17). The larger forms of the 
nuclear particles were also more in evidence: It was often indeed 
difficult to tell just whether a ’cell had a true nucleus or had a nuclear 
particle. After about two weeks these transitional forms became rare 
and the smaller types of nuclear particles were usually found. 

NUCLEAR PARTICLES FOLLOWING SPLENECTOMY 

The blood in Cases 1 and 2 showed . no nuclear particles in the 
specimens examined prior to the operation.. They appeared promptly 
after the operation, as will be seen from the table. The number of 
particles was estimated in proportion to the number of white cells 
present. 

" In Case 1 twenty hours after operation there were 13,800 red blood 
cells per cubic millimeter, which showed nuclear particles. The num- 
ber increased rapidly, the largest number being present on the second 
day. The number remained high, without any apparent relation to the 
changes in the number or kind of either red or white cells. 

In Case 2 nuclear particles were found on the first examination, 
sixteen hours after the operation. They gradually increased and were 
numerous on the seventh day after the end of the febrile period. 
Numerous other observers have found nuclear particles in large num- 
bers immediately after splenectomy, as well as an increase in the num- 
ber of megaloblasts and normoblasts. We were unable, however, to 
demonstrate any numerical relationship between the number of nucle- 
ated red cells and the number of nuclear particles. In fact no direct 
relationship could be established between the count of nuclear particles 
and any other changes which took place in the blood. 

The nuclear particles usually look like very small discrete pycnotic 
nuclei, as will be seen from the accompanying illustration ; a series of 
cells can be easily arranged which show all the transition forms from 
a typical normoblastic nucleus to typical nuclear particles. From our 
preparations it would appear that these nuclear particles arise -by one 
of two methods: (1) A small bud may be constricted oif from the 
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mere glance at the table will serve to show, as we demonstrated in our. 
last year’s work, the striking values of urobilin and urobilinogen in 
the hemolytic anemias. Urobilinogen, which is normally absent or 
present as a mere trace, may an,d at times does exceed in value that 
of urobilin. In no undoubted case of pernicious anemia has the total 
value of the two pigments been less than 2,000. 


TABLE 1 . — Determination's in Cases of Pernicious Anemia with Spleens Retained 


Case' 

No. 

Date 

Name 

Blood 

Count 

Hemo - 

globin 

Index 

Bilirubin 

Urobilin 

Urobilin- 

ogen 

Total 

•j ns 

1 

5 / 24/15 

J . A . 1 

2 , 800 , COO 

70 

1.3 

+++ 

1,400 

1,600 

3,000 

0.57 

1 

6 / 3/15 

J . A . 

3 , 200,000 

62 

1 — 

444 

1,200 

1,400 

2,600 

1 

1 

7 / 22/15 

J . A . 

4 , 000.000 

65 

0.8 

+++ 

1,400 

1.200 

2,600 

1.1 

2 

5 / 3/15 

Mr. S. 

2 , 000,000 

37 

0.92 

+++ 

1,600 

2,000 

3,500 

0.07 

2 

6 / 22/15 

Mr. S. 

Not recorded 




+++ 

2,000 

3 ,eoo 

5 , CG 0 

* »*. 

2 

6 / 22/15 ( 

Mr. S. 

3 , 600,000 

60 

0.83 

- M - + 

1,400 

2,600 

3,000 

1.1 

3 

6 / 10/15 

Mr. B. 

1 , 700,000 

30 

0.9 

4 “ 4 4 * 

2,200 

3,200 

5,400 

1.1 

3 

10 / 23/15 

Mr. B. 

1 , 000,000 

25 

1.2 

+++ 

2,000 

2,200 

4,200 

0.86 

4 

9 / 16/15 

Mrs. B. 

2 , 500.000 

45 

0.9 

+++ 

1 » IC 0 

1,200 

2,600 

0.85 

5 

10 / 6/15 

C. S. 

1 , 300,000 

36 

1.4 

++ + 

1,400 

1,000 

2,400 

0.01 

<5 

3 / 1/16 

Mrs. T. 

1 , 600,000 

36 

1.1 

+ ■ 44 * 

2,200 

600 

2,800 

0.73 

7 

3 / 2/16 

Miss G.* 

2 , 840,000 

47 

0.8 

+++ 

4,600 

1,000 

5,600 

1.4 

8 

3 / 2/16 

W. H. 

1 , 960,000 

38 

0.9 

+++ 

2,000 

600 

2,600 

0.75 

9 

3 / 3/16 

Miss L. 

2 , 940,000 

50 

0.8 

+++ 

5,000 

1,000 

0,000 

1.4 

10 

3 / 14/16 

Mrs. S. 

4 , 000,000 

78 

0.98 

+++ 

1,000 

1,000 

2,000 

1 

11 

3 / 16/16 

Mr. P. 

2 , 000,000 

48 

1.2 

+++ 

2,400 

SCO 

3,200 

0.87 

12 

3 / 19/16 

W. M. 

1 , 500,000 

31 

1 * 

+++ 

1,600 

600 

2,200 

0.01 

13 

3 / 22/16 

Mr. ,M. 

2 , 500,000 

48 

0.9 

+ 4 - 4 * 

1,600 

600 

2,600 

0 . S 5 

11 

3 / 28/16 

Mr. H. 

1 , 300,000 

20 

0 . 8 - 

+++ 

2,800 

600 

3,600 

0.81 

15 

4 / 10/16 

Mrs. S. 

1 , 500,000 

25 

0.83 

+++ 

3,600 

2,000 

5,600 

1.1 

1 G 

6 / 14/16 

Mrs. P. 

2 , 400,000 . 

43 

0.9 

+++ 

1,400 

1 , C 00 

3 . CC 0 

0.9 

17 

5 / 20/16 

J. B. 

1 , 750,000 

35 

1 

444 

l.COO 

600 

2 . 4 C 0 

0.7 

18 

3 / 12/16 

Dr. M. 

1 , 500,000 

32 

1 

+++ 

1,400 

COO 

2,000 

0.6 

19 

4 / 20/16 

Mr. H. 

1 , 270,000 

20 

0.8 

+++ 

2,400 

800 

3,200 

0.73 

20 

I 5 / 20/16 

j Mrs. H. 

1 , 970,000 

30 

0.8 

++ 

1,200 

400 

1,000 

0.6 


* A case ol hemolytic icterus. 


Case 38 would appear to be an exception; but while it is listed as 
a case of pernicious anemia, there are several other features not in 
accord with the findings generally observed, namely, the lack of pleo- 
chromia in the bilirubin values and the physical findings of emaciation, 
certainly rare in pernicious anemia. Case 1 is a continuation study of 
a last year’s patient, dealt with fully in Curve 1. 
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in Case 21 had been splenectomized, a brilliant postoperative blood 
rise recorded, apparently a complete return to good health established, 
when under the stress of business cares a recurrence took place. A 
duodenal estimation at this time records nonhemolytic values — on the 
contrary, oligochromemia. The most plausible explanation would be 
that the hematopoietic function was below normal delivery at the time 
of the operative interference and subsequently failed more and more 


TABLE 3.— Determinations in Various Diseases 


Case 

No. 

Date 

Name 

Disease 

Blood 

Count 

Hemo- 

globin 

Index 

Bili- 

rubin 

Uro- 

bilin 

Urobi- 

linogen 

Total 

1 

4/26/15 

: 

P. W. 

Psychosis 

5,000,000 

100 

1 

++ . 

900 

0 

900 

1 

4/29/15 

P. w. 

Psychosis 

5,000,000 

100 

1 

++ 

1,000 

0 

1,000 

2 

4/26/15 

Mrs. W. 

Pericholecystitis 

4,200,000 

85 i 

i 

1 

4 

soo 

0 

SOO 

3 

5/31/15 

Mrs. H. 

Liver hydatid 

4,600,000 

so 

I 1 | 

++ 

600 

0 

600 

4 

5/16/15 

Mrs. S. 

‘ 

Secondary anemia 

2,800,000 

60 

; i 

++ 

£00 

0 

200 

5 

2/ 1/16 

Mr. E. 

Infectious icterus 

4,600,000 

90 

' 1 i 

"h 

200 

0 

200 

6 

11/ 3/15 

Mr. M. j 

Hemochromatosis 

4,800,000 

75 

0.78 j 

++ 

1,100 

0 

1,400 

7 

2/ 7/16 

Mr. 0. 

Gastric carcinoma* 

8,100,000 

50 

0.8 

• 

+ 

400 

0 

400 

8 

2/12/16 

J. H. 

Lymphatic leukemia 

4,000,000 | 

70 

0.87 

4 

1,400 

0 

1,400 

9 

3/ 1/16 

M. K. 

Advanced cirrhosis 

3,530,000 

70 

1 

+ 

1,200 

Trace 

1,200 

10 

3/10/16 

Mrs. M. 

Doubtful 

3,500,000 

85 

1.2 

++ 

1,000 

0 

1,000 

11 ' 

3/11/16 

Mrs. D. 

Gastric carcinoma.. 

1,200,000 

20 

0.8 

+ 

200 

0 

200 

12 

3/12/16 

C. D. 

Duodenal ulcer 

3,600,000 

40 

0.55 

+ 

600 

0 

GOO 

' 

13 

3/14/16 

Mr. W. 

Gastric carcinoma 

1,250,000 

25 

1 

i + 

200 

0 

! 200 

: 

14 

8/ 2/16 

Mrs. S. 

Gastric carcinoma 

2,640,000 

35 

0.7 

44 

600 

0 

60 0 

15 

6/23/16 

Mr. 0. 

Stone obstruction 


... 

... 

+ 

200 

0 

200 

16 

6/22/16 

Prof. S. 

Neurosis 

4,800,000 

so 

0.9 

++ 

1,200 

0 

1,200 

17 

6/13/16 

0. H. 

Unknown 

4,200,000 

! 

60 

0.8 

4* 

200 

Trace 

200 

38 

4/20/16 

Mr. C. C. 

Gastric carcinoma* 

2,000,000 | 

40 

1 

+ 

400 

0 

400 

19 

5/16/16 

Mrs. C. 

Secondary anemia 

2,970,000 j 

60 

1 

44 

1,200 ' 

Trace 

1,200 

20 

5/29/16 

Mrs. C. 

Secondary anemia 

2,850,000 ! 

GO j 

!• 

44 

1,000 

Trace 

1,000 

21 

5/25/16 

Mr. 0. 

Acute catarrhal icterus i 

4,800,000 | 

90 j 

0.9 

+ 

1,200 

0 

1,200 


* Confirmed at operation (guaiac positive in duodenal contents). 

t Urine estimated at tho same timo gavo urobilin 1,000, urobilinogen £00 and bilirubin ++• 


under demand. The patient in Case 22 was seen at a similar period 
postoperative and had Had the rather usual early betterment only to 
experience a profound recurrence, in which he was seen and studied. 
To our amazement the duodenal contents looked dark and yielded the 
extremely high values recorded. However, a quantitative urine estima- 
tion demonstrated what I anticipated, even higher values. This clari- 
fied the atmosphere. An extremely dilated heart, with fourth degree 
incompensation, and a consequent severe hepatic stasis accounted for 
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nuclei with carbol-thionin or with methyl-green-pyronin and in undi- 
minished numbers. After alcohol fixation and staining with Giemsa 
they were found to stain well. Alcohol and alcohol-formaldehyd and 
saturated mercury bichlorid preparations when stained with carbol- 
thionin were found to show the nuclear particles to stain as other 
nuclei. 

The vital stains made with polychrome-methylene blue showed the 
bodies in the same relative frequency as when stained with Wright’s 
stain. 

Smears preserved for two months wrapped in paper showed the 
nuclear bodies as well as the fresh preparation when stained with 
Wright’s stain. With Ehrlich-Pappenheim triacid stain after heat 
fixation, however, only part of the bodies stained distinctly, as nuclear 
bodies should, while others stained irregularly, or only with the faint- 
est trace of green, especially in the periphery, and still others were 
unstained and appeared as round, clear refractile bodies in the sub- 
stance of the red cell. Similar changes were noted with Ehrlich’s 
hematoxylin and eosin, blit with less frequency. 

Preparations heated ten, twenty or thirty seconds at the spheroidal 
point for water and stained with carbol-thionin were not so good as 
those completely fixed at forty and forty-five seconds. Shorter heat- 
ing apparently did not materially increase the intensity of the staining 
with the triacid stain. 

Since heat-fixed preparations stained by other well-recognized 
nuclear stains gave good preparations, we do not hold the reaction 
with Ehrlich-Pappenheim triacid stain a valid argument against their 
being nuclear material, for this stain is well known to be somewhat 
less constant in its reaction than other blood stains, being especially 
sensitive to slight changes in the fixation procedure. 

As a rule, the nuclear particles showed no signs of degeneration, 
such as changes in the staining reaction, clumping of nuclear sub- 
stance, or vacuolization, unless the cell itself showed signs of degen- 
eration. 

Normoblasts (Figs. 42 and 45) were not infrequently found which 
showed not only normal nuclei, but definite nuclear particles, and in 
addition the so-called granules of basophilic degeneration, which 
stained red with methyl-green-pyronin. These granules were small 
and had no regular contour, whereas the nuclear particles were 
definite, concrete, smooth, round or oval bodies, no matter of what 
size. Cells (Fig. 28 and 29) were occasionally found with many small 
nuclear particles, which gave the impression that a nucleus had 
exploded. Owing to the size and definite character of these bodies, 
they were unquestionably nuclear particles of nuclear origin. It seems 
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parative figures : x — 1 — 5 ; that is, x = 6. In a given unit of time 
6 parts are supplied, one physiologically sacrificed, leaving a constant 
normal of 5. With x remaining constant, we can tabulate as follows : 
(, r _ y = *) ; 6 - 1 = 5; 6 - 2 = 4; 6 - 3 = 3; 6 - 4 = 2; 
6 — 5 — 1. 

Now from Curve 1 we gather the information that as the blood 
count rises the pigment values fall. This makes it self-evident that the 
other possible table of variations cannot obtain in pernicious anemia ; 
to wit: (x — y — z) ; 6 — 1 — 5; 5 — 1 — 4; 4 — 1 = 3; 
3 — 1=2; 2—1 = 1. 

For in this relationship the value of y is constant and low. 

To determine, hence, in a given case what may be styled the 

hematopoietic-hemolytic index resort may be had to the formula, 

H.-H. Index — , in which y represents the first figure of the 

blood count, z the same of the pigment values in round numbers, and 

the value of x is 6. In Case 11, Table 1, for instance, the blood count 

standing at 2,000,000, the pigment values at 3,200, the hematopoietic- 

hemolytic index is or 0.87. With the index less than 

6 6 

normal by a slight margin only,- a marrow possible of recovery to a 
normal output might be hoped for. While, on the contrary, in a case 
of the type of Case 12, with the blood at 1,500,000 and the pigment at 

2,200, the index — — — — = 0.6— a severely negative index, 

6 6 

— hypohematopoiesis — and a restitution ad integrum would seem 
improbable. Contrasting these indexes in the slowly recovering per- 
nicious anemias after splenectomy with the index in hemolytic icterus, 
as illustrated in Case 7, in which the blood picture approaches the 
normal in a short space of time, we find that with the blood count 
at 2,500,000 and the pigment total at 5,600 the index is heavily plus, 
namely, 1.4. 

Judged by the hemolytic index, Cases 1, 2, 3, 4, 9, 10, 11, 15 and 
16 appear favorable for splenectomy. Case 11 bears this out in two 
clinical features, the persisting icterus, pointed out as a favorable indi- 
cation in our former papef, and a definitely enlarged, hardened spleen. 
Early in the disease, not necessarily in the mere point of time, this 
organ is definitely enlarged in favorable types. 

In the face of the fact that urobilinogen is peculiarly and intimately 
associated with structural changes in the total liver parenchyma, it 
will be reserved for future confirmation whether for the index the 
total of both urobilinogen and urobilin be the proper value of y or 
urobilin only. 

Incidentally,' this study of duodenal pigment values has served to 
provide a most simple and reliable method of differentiating severe 
anemias due to enteric bleeding from parenteral types. Cases 7, 13, 
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to what extent apparently has not been determined. It is possible that 
we are dealing with an abnormal course of an otherwise normal process 
or that the process of denuclearization is arrested or slowed at some 
intermediary point, so that cells with the nuclear particles on the way 
to extrusion escape to the peripheral blood. 

From the facts that they occur without any definite relationship 
co normoblastic crises, and persist regardless of the condition of the 
blood, whether after splenectomy in experimental animals, in man with 
or without blood diseases or in conditions of recovery after splenec- 
tomy in definite blood diseases, it would seem that they are not 
definitely associated with the process of regeneration, or. at least cannot 
be taken as an index of regeneration. 

It is possible that the loss of the splenic function so affects the 
ripening process of red cells that a more resistant cell is produced, and 
to this one might attribute in part at least the beneficial results of 
splenectomy . 24 

24. In addition to the references already given, the following will be found 
of interest: 

Moffit: Studies in Pernicious Anemia, Tr. Assn. Am. Phys., 1914. 

Huber: Ueber den Einfluss der Milzextirpation bei pernicioser Anamie, 
Berl. klin. Wchnschr., 1913, 50, 2179. 
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OSTEOGENESIS IMPERFECTA * 

JULIUS H. HESS, M.D. 

CHICAGO 

DEFINITION 

Osteogenesis imperfecta is a rare systemic disease of unknown 
etiology, characterized by imperfect development of bones. Increased 
absorption of deficiently formed bony trabeculae leads to deficient for- 
mation of cortex and spongiosa, which results in osteoporosis. Clin- 
ically it is characterized by multiple intraperiosteal fractures, usually 
with little displacement of fragments and excessive callus formation. 

It occurs in two clinical forms, namely, osteogenesis imperfecta con- 
genita and osteogenesis imperfecta tarda. 

SYNONYMS 

The name osteogenesis imperfecta congenita was coined by Vrolik 1 
in 1845. Although a number of other names have been proposed for 
this disease, Vrolik’s designation seems to be the best, since it is 
derived from pathology of the disease and does not assume or presup- 
pose anything. Synonyms for this disease are as follows : osteomalacia 
congenita, because in some cases the bones are abnormally pliable; 
rachitis foetalis annularis, because of the excessive callus formation at 
the seat of fractures; malacia myeloplastica (von Recklinghausen 2 ), 
periosteal dysplasia (Durante 3 ), dystrophie periostale (France), 
ostitis parenchymatosa chronica (Schmidt 4 ), micromelia annularis, 
osteoporosis congenita (Kundrat), fragilitas ossium (Iviebs), from 
the chief symptom, which is fragility of the bones. Fragility of the 
bones, however, is present also in other diseases, among others rachitis, 
osteomalacia, scurvy, tuberculosis, hereditary syphilis and miscella-'^ 
neous neoplasms. In these cases, however, it is secondary, while in 

* Submitted for publication July 18, 1916. 

1. Vrolik: Tabul. ad illustrandam embryogenesin. hominis et mammalium, 
Amstelodami, 1845, Tab. 91. 

2. Von Recklinghausen: Untersuchungen iiber Rachitis und Osteomalazie, 
Fischer, Jena, 1910. 

3. Durante : La dysplasie periostale, Acad, de med., 1905. 

4. Schmidt: Ein Beitrag zur ICenntnis der sogennanten Osteopsathyrosis 
congenita, Inaug.-Dis., Leipzig, 1901; Abnorme Knochenbruchigkeit bei einem 
Neugeborenen, Monatschr. f. Geburtsh. u. Gynak., 14 . 
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strength as -to cause death. Injections were made into the marginal 
vein of the ear. 

Six series of nine rabbits were used, including the controls. Three 
were placed in the box for heat treatment, three in the open cage for 
exposure to the effects of continuous incandescent electric light and 
three had no treatment. 

In the first series the animals exposed to temperature effects pre- 
sented one distinct lesion; those to the incandescent light, one; while 
the rabbits not treated had four joints affected. 

The second group gave a result of no distinct lesions in the heat- 
treated, one in the light-exposed animals and two in those not treated. 

The third series showed the heat-treated animals with no lesions, 
the light-treated with five and the untreated with no definite lesions. 

As the controls were not having lesions, the dosage of the living 
streptococci for the following groups was increased. 

The next results were three lesions in the heat-treated group, five 
in the light-treated, and fourteen in the untreated group. The first- 
mentioned were mild, involvements, the second slightly more promi- 
nent, while the rabbits not under treatment showed eight severe joints, 
one animal being moribund when killed for necropsy. 

The fifth group had the following involvements : heat-treated three, s 
light-exposed seven, untreated thirteen lesions, six classified as very 
severe. 

The last series gave the following result : animals in heat box, five ; 
in light cage, nine ; and untreated, seventeen arthritic lesions. 

To review the above factors, heat-treated rabbits presented twelve 
distinct lesions, those exposed to light twenty-eight, and the animals 
not treated nearly twice as many, or SO joints. One important feature 
was that the treated animals were recovering while some of the 
untreated were very sick when examined previous to necropsy.. In 
other words, although the treatment did not prevent arthritis in all 
instances, the lesions were much milder and recovery more rapid, thus 
confirming our previous findings. 1 

The consideration of weights presents some interesting points, in 
that the heat-exposed rabbits gained only 559 gm., while those exposed 
to light gained 2,610 gm. The animals not under treatment gained 
1,098 gm. 

One might expect a higher body temperature in groups exposed to 
a higher degree of heat, but a composite average shows heat-exposed 
animals at 39.7 C. (103.4 F.), light-exposed, 39.8 C. (103.6 F.), and 
those at room temperature, 39.9 C. (103.8 F.). 
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period of latency, the latter being sometimes called osteopsathyrosis 
idiopathica. In this respect the disease resembles congenital syphilis, 
in which the manifestations may appear at birth or very soon after 
birth, or they may appear in late infancy or childhood, after a variable 
period of latency. 

ETIOLOGY 

The direct cause of the disease is not known. There is some 
evidence which seems to show that the disease may be inherited. 
Griffith 0 estimated a hereditary factor in 27 per cent, of all cases of 
osteogenesis imperfecta congenita and in 15 per cent, of cases of 
osteogenesis imperfecta tarda, these figures being in all probability 
far too low. Harmer says that it has been transmitted through three 
generations and it has affected nine of ten children and a child of one 
of these. Zurhelle 10 reports a case of a child in whose mother he found 
a deformity of a leg and the Roentgen rays showed healed fractures 
and osteoporosis. Schmidt 11 mentions a case of a 68-year-old man who 
suffered many fractures before the 20th year of life, all of them 
being due to trivial causes. He had two sons. One had fractures at 
birth and the other suffered numerous fractures in the first year of 
his life. Gurlt 12 compares the disease with hemophilia, which shows 
the same territorial distribution, namely, North Germany, England 
and North America, and states that it is transmitted to the males 
through unaffected females. Looser and Griffith, however, say that 
the disease is seldom transmitted through female offspring. Several 
generations may be affected and one generation may be skipped. The 
congenital form occurs more frequently in females (Frangenheim 8 ), 
the late form more often in males. Calcium deficiency was suspected 
to be the cause of the disease and Stoelzner was able to produce 
changes identical with osteogenesis imperfecta in animals by feeding 
them with food poor in calcium. Looser, however, remarks that it is 
very difficult to administer calcium-free food to man, and besides, 
children suffering with osteogenesis imperfecta received the same food 
as their parents and brothers and sisters who did not suffer. Pre- 
maturity was suggested as a cause also. Syphilis was also suspected ; 
both parents were syphilitic in Vrolik’s case and the mother was 
syphilitic in Henckel’s 13 case, but in neither case did the children show 

9. Griffith : Idiopathic Osteopsathyrosis (Fragillitas- Ossium) in Infancy and 
Childhood, Am. Jour. Med. Sc.,‘1897, 113 . 

10. Zurhelle: Osteogenesis imperfecta bei Mutter und Kind, Beitrag zur 
Frage der Identitat dieser Erkrankung mit Osteopsathyrosis idiopathica, Ztschr. 
f. Geburtsh. u. Gynak,, 1913, 74, 942. 

11. Schmidt: Demonstration von Rontgenbilden eines achtjahrigen Knaben 
mit Osteopsathyrosis, Miinchen. med. Wchnschr., 1899, No. 22, p. 748. 

12. Gurlt: Ueber Knochenbriichigkeit un iiber Frakturen durch Muskelaktion, 
Deutsch. Klin., 1857; Handbook of Bone Fractures, 1862, 1. 

13. Henckel : Neue medizinische und chirurgische Anmerkungen, Berlin, 1772. 



FURTHER QUANTITATIVE STUDY OF THE DUO 
DENAL BLOOD-DERIVED PIGMENTS * 

J. p. SCHNEIDER, M.D. 

MINNEAPOLIS 


In this, our second year s work, we have entertained with reference 
particularly to pernicious anemia a twofold objective, namely, the 
determination of pigment values after splenectomy in cases estimated 
quantitatively prior to operative interferences, and a critical study of 
the relationship between the pigment output and red cell count in 
parenteral anemias. It would seem that a study of the blood-derived 
pigments before and after splenectomy as undertaken above might 
shed some light on the reasonableness of the hypothesis of hyper- 
splenism ; whereas the latter analyses would serve to demonstrate indi- 
rectly the state of the bone marrow. Incidentally a variety of non- 
hemolytic diseases have been studied, including enteral-bleeding ane- 
mias with pernicious-like blood pictures. 

Following precisely the technic elaborated in our previous work 1 
we made a total of fifty-seven determinations in forty individual 
patients, which are here recorded. Of these, twenty-one are cases of 
pernicious anemia and one hemolytic icterus. A total of seven patients 
with pernicious anemia of this series and one with hemolytic icterus 
have been splenectomized. Three of the former have been studied 
both before and after the operation. Two patients are included in 
whom splenectomy had been performed a year previous . 2 The mate- 
rial for this study has been drawn largely from the University- Hospi- 
tal and outpatient clinic, ten are referred patients and six were studied 
at the Rochester Clinic. 

In Table l 3 are grouped together the determinations made in cases 
of pernicious anemia and hemolytic icterus with spleens retained. A 

* Submitted for publication Aug. 15, 1916. 

* Read at the April, 1916, meeting of the Minnesota Pathological Society. 

1. Schneider, J. P.: The Splenic Pathology of Pernicious Anemia and Allied 
Conditions, The Archives Int. Med., 1916, 17 , 32. 

2. In no instance is a determination included in which the slightest variation 
in technic obtained, or such as not strictly fresh duodenal contents were used- 
The Kirchoff and Bunsen large model spectroscope was used in all of these- 
determinations, diluting the original contents as indicated in our previous paper 
A handy-sized instrument, so constructed as to lend itself to a reading of the: 
values of urobilin and urobilinogen on a micrometer scale without the necessity 
of diluting the original solution, is in the course of construction. _ _ 

3. The term “H.-H. Index” heading the last column is an abbreviation for 
the proposed designation, “hematopoietic-hemolytic index," the nature and mean- 
ing of which will appear subsequently in the text. 
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, PATHOLOGY 

The primary pathologic changes are of the same nature in all Bones 
of the body, varying only in degree. These changes are best observed 
in the bones of the extremities. The bones are either so soft that they 
may easily be bent or cut with a knife or they are brittle. They may 
be plump and short or compressed or cylindrical. The shortening is 
secondary to fractures and bendings, the primary growth in length 
being normal. Numerous thickenings due to healed fractures may be 
seen. The convexity of the deformities in the bones are on the 
extensor surfaces. Bluish white islands of cartilage are seen through- 
out the spongiosa. Epiphyses are formed by hard hyaline cartilage, 
which is surrounded by perichondrium. They are richly vascular 
and the centers of ossification are large. The epiphyseal line is 
straight. The proliferation zone of cartilage is narrower and some- 
what irregular, the cartilage cells being arranged into columns that 
are about one fourth of the normal height."- This is more marked 
toward the periphery. The calcified cartilage disappears too early, 
being prematurely absorbed. The bony trabeculae are short and thin 
and are placed obliquely and transversely to the long axis of the bone, 
while normally they are more longitudinal. There is a marked pre- 
ponderance of medullary substance over spongiosa and the lamellar 
growth of the bone is less marked. The bone marrow is mostly 
fibrous, poor in cells and surrounded by bony trabeculae. Lymph 
marrow preponderates ip the middle of the diaphyses (Buday 10 ). 
Michel 17 found the marrow to be vascular only in the periphery of the 
bone and avascular at the epiphyseal line and where the bone is bent. 
Harbitz 18 described the bone marrow as very vascular and rich in cells, 
while Stilling 10 says that it is of normal vascularity. Osteoblasts are 
everywhere markedly diminished in number, but they are somewhat 
larger and their nuclei are broad and oval. Osteoclasts are strikingly 
too numerous. 

SYMPTOMS 

Multiple fractures occurring on very slight provocation are the 
most prominent characteristic of the disease. Fractures are mostly 
complete with preserved periosteum, this being regarded by Segawa 13 
as of importance for diagnosis. In recent fractures the fragments are 
connected by fibrous tissue, in older ones by spongiosa. The callus that 
forms in place of fractures is usually excessive in size, but it is of 

17. Michel : Osteogenesis imperfecta, Virchows Arch. f. path. Anat., 1903, 
173. 

18. Harbitz: Ueber Osteogenesis imperfecta, Beitr. z. path. Anat. u. z. allg. 
Path., 1901, p. 30. 

19. Stilling: Osteogenesis imperfecta, Virchows Arch. f. path. Anat, 1889, 

115 , 3. 
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Table 2 embraces five of the seven cases of splenectomized patients. 
Of these, three were observed over a long period of time, repeated 
duodenal estimations having been made after the operation in order 
to establish the nonaccidental nature of the findings. It will be 
observed that the pigment values suffer a definite reduction to a normal 
level as soon as two weeks after ablation of the spleen and remain 
at that level as long as studied, in Case 5 during the ensuing five 


TABLE 2.— Determinations in Five Cases of Pernicious Anemia 
Before and After Splenectomy 


Case No. 

Date 

Name 

Blood 

Count 

Hemo- 

globin 

Index 

Bilirubin 

Urobilin 

Urobilin- 

ogen 

Total 

H.-H. - 
• Index 

Before 

splenectomy 

4 

9/16/15 

Mrs. B. 

2.500,000 

45 

0.9 

+ + + 

1,400 

1,200 

2,600 

0.85 

After 

splenectomy 

1 i 

11/16/15 

Mrs. B. 

3,900,000 

70 

0.9 

++ 

400 

0 

400 


I 

12/22/15 

Mrs. B. 

3,600,000 

05 

0.92 


1,200 

200 

1,400 


4 

2/23/16 ! 

Mrs. B. 

4,300,000 

71 

0.02 

++ 

1,200 

0 

1,200 

; 


Before 

splenectomy 

5 

10/ 6/15 

C. S. 

1,300,000 

30 

! 

1.4 

i 

+ ++ 

1,400 

1,000 

1 2,400 

0.61 

After 

splenectomy 

5 

11/ 1/15 

0 . s. 

1,900,000 

30 

0.8 

++ 

1,000 

200 

1,200 


5 

11/20/15 

O. S. 

3,000,000 

70 

1.3 

++ 

1,000 

0 

1,000 


5 

12/ S/15 

C. S. 

4,000,000 

70 

0.87 

++ 

SOO 

0 

SOO 


5 

1/14/16 

0. S. 

3,500,000 

70 

1 

++ 

1,400 

0 

1,400 


5 

3/ 7/16 

0. S. 

4,700,000 

83 

1 

++ 

SOO 

0 

SOO 


Before 











splenectomy 

15 

1/10/16 

Mrs. S. 

1,500,000 

25 

0.83 

+ + + 

3,600 

2,000 

5,600 

1.1 

After 

splenectomy 

15 

4/30/16 

Mrs. S. 

2,500,000 

39 

0.8 

++ 

1,200 

200 

1,400 


After 

splenectomy 

21 

3/ 2/16 

M. S. 

# 




•' ++ 

400 

0 

400 


22 

5/ 1/16 

Mr. S. 

1,750,000 

Not re- 
corded 


++ 

1,200 

2, COO 

3,400 

— — 


* Not recorded but moderately low count. 


months. Ten months have elapsed since patients in Cases 4 and 5 
were splenectomized, five since the patient in Case 15 was operated on. 
All are in good health with the exception of a persistence of the cord 
changes. 

That a reestablishment of pathologic hemolysis with the resulting 
increased blood-derived pigments does not occur in postsplenectomized 
cases when a recurrence apparently sets in a year later is stiongy 
probable from the findings in Cases 21 and 22 of Table 2. The patient 
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GENERAL SYMPTOMS 

The children suffering with this disease are usually mentally under- 
developed, are small and underweight for their age and their skin is 
soft and delicate. Segawa observed in his case attacks of long-lasting 
profuse sweating. These attacks started in the second week of life, 
sweating being especially marked on the head and in the face and this 
lasted with remissions and recurrences up to death. The head of 
these children is usually excessive in size in proportion to the trunk 
and often covered with luxuriant, long, silky hair. The face is small 
and well developed, palpebral fissure narrow, but the physiognomy is 
not characteristic. The neck is short, the thorax is flattened, asym- 
metric, and the ribs show nodules which are calluses remaining after 
the healing of fractures. In lateral regions of the thorax deep retrac- 
tions can be seen during breathing and crying. The skin of the thorax 
is delicate and edematous, subcutaneous tissue being richly developed. 
From the axillae deep folds 'extend over the chest. The abdomen is 
protuberant. The extremities are shortened, curved, angulated, show- 
ing calluses of fractures. The feet and hands are small and delicate. 
Flaccid paralysis of extremities, lowered electrical excitability and 
nystagmus have been found (Segawa 15 ). A majority of children 
affected with this disease die 'soon after birth or are stillborn. In 
those surviving, the fractures may become less frequent with advanc- 
ing age and the disease may come to a standstill. 

The most characteristic symptom of the disease is multiple frac- 
tures, as many as 113 having been found by Chaussier. 23 The frac- 
tures may occur in series with periods between, during which the 
patient may be free from fractures. There is little pain associated 
with them and crepitus is often absent. Healing is more rapid than 
in normal bone, but marked deformity usually results. It is interest- 
ing to note that while fractures heal rapidly, osteotomies that have 
been undertaken for correction of deformities healed very slowly 
(Cortes, 24 Doering 25 ). 

DIAGNOSIS 

Roentgen-ray findings are characteristic and diagnostic for the 
disease. They may be summed up as follows : 

1. Multiple, mostly intraperiosteal fractures, often showing areas 
of bone resorption at the seat of fracture. 

2. Excessive callus formation. 

23. Chaussier: Sur les fractures et les luxations observees chez le fetus, etc., 
Beitr. z. path. Anat. u. z. allg. Path., 19, (after Feldmann, Ueber Wachstums- 
anomalieu der Knoclien). 

24. Cortes : L’osteopsatirosis di Lobstein, Zentralbl. f. Chir., 1910, 38, No. 43. 

25. Doering: Beitrag zur Lehre von der idiopathischen Osteopsathyrosis, 
Deutsch. Ztschr. f. Chir., 77. 
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the findings; for it must be remarked that it is always well to guard 
against this possible error by noting the state of the circulation and 
estimating in doubtful instances the quantitative urinary pigments 
From the facts gathered together in Table 2 we can proceed with 
the assumption that splenectomy ablates one factor in the equation 
.r y~z, namely, y. However, varying with type and sta'ge, this.factor 
may be the lesser of the two. To estimate with some degree of 
accuracy this second factor, x, would mean the ability to judge in 
advance the probable effectiveness of splenectomy. 
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Curve 1. — Total red count and pigment values encountered in Case 1, por- 
traying the remarkable parallelism between the two. 


From a. study of Curve 1, representing graphic parallel curves of 
the blood and pigment values encountered in a case under observation 
and study for a period of seven months, from the normal pigment 
level possible of designation from the data here gathered together in 
disease not affecting the blood, and from a study of the comparative 
blood and pigment values found in hemolytic icterus, in which splenec- 
tomy is so strikingly efficient, we are approaching the solution of factor 
x , in the above equation x — y=s, in which x represents hematopoiesis, 
y splenism 4 .and z the resulting blood count. Normally the total pig- 
ments range around 1,000. This then represents physiologic splenism. 
The blood count stands around 5,000,000. Given the value theiefoi 
of y and s, x can readily be determined. Reduced to simple eom- 


4. Spleen-liver complex. 




HESS— OSTEOGENESIS IMPERFECTA 


171 


Case 1. — C. R., aged 16 months, was admitted to the service of Dr. I. A. 
Abt, Michael Reese Hospital, May 10, 1914. Two months before, the mother 
had noticed that the child was losing markedly, getting weaker and the 
extremities becoming tender. The child could not stand even when held. She 
screamed when the limbs were touched and when she was being clothed. The 
abdomen was distended and the bowels constipated. During the previous month 
the spine had been turning. There was no history of past illnesses except that 
of gastro-enteritis. Her personal history revealed that she was one of twins, 
spontaneous birth. She sat erect at 9 months, but did not learn to talk or 
walk. She was breast fed until 3 months old ; in the secdnd month two bot- 
tles a day were substituted for the breast, and at 3 months she was put on 
the bottle entirely. The family history is negative, but both parents looked 
weak and emaciated. 



Fig. 2. — Same patient as shown in Figure 1, taken seven weeks later, showing 
marked improvement. 


Examination showed her to be a fairly well nourished child who cried when 
touched. The lower extremities were drawn up on the abdomen. The head 
was square shaped and showed marked craniotabes. There was a marked 
rosary on the ribs and a flaring of lower costal margins; the lung findings 
were negative. The heart was negative. The abdomen was large and pro- 
tuberant, somewhat distended. The spleen, liver and kidneys were negative. 
Lower extremities were flexed, the thighs on the abdomen, the legs on the thighs. 
The toes were flexed and the arches higher than normal. Any movement 
caused a shrieking cry as if in pain. There was considerable swelling, which 
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14 and 18 in Table 3 were regarded as parenteral in type. In Case 7 
with the absence roentgenographically of a persistent filling defect and 
of motor disturbances, of lactic acid and the related organism, and of 
occult blood in the stomach contents, with a blood picture so typical of 
the pernicious type as to be tentatively so regarded for months, it 
remained for the duodenal pigment analysis to definitely decide the 
case to be one of enteric bleeding. In Case 13 the imitation was 
complete, even to the point of typical remission periods. Here, after 
repeated trials, a positive guaiac in the stools was of help. 

The more pronounced, the degree of anemia, and hence the closer 
the blood picture imitation of the parenteral type, the more strikingly 
aie the pigment values at the opposite pole of oligochromemia in 
enteral bleeding. 

SUMMARY 

1. Splenectomy apparently immediately and permanently reduces 
the excessive blood-derived pigments of pathologic hemolysis to a 
normal level. There is no proof that a recurrence of a pernicious 
blood and clinical picture after splenectomy is due to a reestablish- 
ment of excessive blood destruction. 

2. Bearing in mind that fully developed pernicious anemia is a late 
bone-marrow exhaustion of a primary hemolytic process, we know our 
endeavor to gain a preoperative knowledge of the competency of the 
marrow is necessary to a proper selection of favorable operative cases 
A plus hematopoietic-hemolytic index in a given case should be 
regarded as one factor favorable to permanent postoperative recovery. 

3. The classic blood picture of pernicious anemia may be success- 
fully imitated by chronic enteric bleeding anemia. For a reliable means 
of differentiating these fundamentally dissimilar conditions, a quanti- 
tative estimation of the duodenal pigments is decisive. 

Our thanks are extended to the Rochester Clinic and Dr. Tuohy of Duluth 
for the opportunity graciously accorded us of making the above studies on 
private patients. 

414 Syndicate Building. 
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osteogenesis imperfecta congenita the fragility of the bones is a pri- 
mary manifestation. 

Osteopsathyrosis icliopathica is a name which was given by Lob- 
stein 5 * in 183o to a disease which in its pathology and symptoms resem- 
bles the osteogenesis imperfecta; however, he described it as occurring 
in older infants and children. Today these two diseases are regarded 
as identical processes, Lobstein’s description corresponding to osteo- 
genesis imperfecta tarda. Looser 5 also thinks that “the so-called idio- 
pathic osteopsathyrosis and the osteogenesis imperfecta are patho- 
logically identical diseases. As to the clinical onset of the disease, all 
imaginable transitions are present between the congenital affection and 
one appearing only in later infancy or childhood. Even those cases of 
osteogenesis imperfecta (in broader sense) that make their appearance 
in childhood are probably to be traced back to congenital changes. 
Durante 3 says that osteopsathyrosis of the adult represents an atypical 
form of osteogenesis imperfecta. Miura 7 8 speaks of a secondary osteop- 
sathyrosis which occurs in childhood and is due to rickets, osteo- 
malacia, Barlow’s disease, tuberculosis, hereditary syphilis and miscel- 
laneous neoplasms, in contradistinction to a primary fragility of bones, 
„ so-called osteopsathyrosis idiopathica, the pathogenesis of which is not 
well understood yet. It occurs in two types: The one is congenital 
and is identified with osteogenesis imperfecta by most authors; the 
other occurs in early childhood. Summing up the views of different 
authors as to the relation between osteogenesis imperfecta congenita 
and osteopsathyrosis idiopathica, Frangenheim s says: 

With Looser we are of the opinion that the osteogenesis imperfecta and 
the idiopathic osteopsathyrosis represent a form of a disease which, as far 
as histologic behavior of the bones is concerned, has nothing to do with any 
known disease accompanied by atrophy or softening of the skeleton, the most 
important symptom of the disease being the abnormal fragility of the bones, 
which appears at birth or very soon after birth, but may also appear in early 
or late childhood after a certain period of latency. If we want to separate 
the osteogenesis imperfecta from the idiopathic osteopsathyrosis, then the dif- 
ference can be only a clinical one, depending on the time at which the fragility 
of the bones begins. 

According to this there are two forms of osteogenesis imperfecta, 
one which is congenital (congenita), the symptoms appearing at birth 
or very soon after birth, and the other a latent form (tarda), in which 
the symptoms appear in late infancy or childhood, after a variable 

5. Lobstein : Lehrb. d. pathol. Anat., 1834, 2 , 179. _ 

6 Looser: Zur ICenntnis der Osteogenesis imperfecta congenita und tarda, 
Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1905, 15 , 161. Ueber Osteogenesis imper- 
fecta tarda, Verhandl. d. deutsch. path. Gesellsch., 1905, p. 239. 

7. Miura, S. : Osteopsathyrosis Idiopathica, Jalirb. f. Kinderh., 1911, 73, 54 5. 

8. Frangenheim: Die Krankheiten des Knochensystems im Kindesalter, 
Neue Deutsche Chirurgie, Enke, Stuttgart, 1913, 10. 
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tongue. The tongue presented many small spots of ulceration. The thorax 
showed a rosary on both sides anteriorly; the left thorax was larger than 
the right. The ribs were bulging on the left side posteriorly. There was 
kyphosis of the dorsal and lumbar regions, and lordosis of the upper dorsal 
region. There was potbelly, tympanitic, but no tenderness. All the bones of 
the extremities were affected. Both femurs showed fractures with a subse- 
quent contraction of both legs and shortening of the hamstring tendons. There 
was a marked contraction of all the bones of the arms and legs, the clavicles 
have even seemed to have fractured (three fractures are visible in the roent- 
genograms). The patellar and Babinski reflexes were positive. Rales were 
heard throughout the chest; there were no areas of consolidation, no bronchial 
breathing. The heart tones were rapid, but there were no murmurs. 



The Roentgen-ray 'findings on Dec. 2, 1915 (Fig. 7), show that the entire 
bony skeleton of this patient was involved in a high-grade osteo-atrophia; the 
long bones are very delicate in appearance, comparatively little distinction 
being noted between cortex and medulla. The former is, however, visible as 
a thin paper-like layer. The epiphyseal lines are (excepting the wrists) 
normal. Numerous intraperiosteal fractures are noted, the following bones 
being involved: left humerus three, left radius one, left ulna one, right humerus 
two, right ulna one, right radius one, right femur two, right fibula one, left 
femur one, a total' of thirteen fractures. There is a peculiarity at the site of 
fractures noted which represents a ring of absorption of bone salts, but with 
definite callus formation surrounding these areas ; the spine is‘ seen deflected 
to the left to the tniddorsal region. The child died of bronchopneumonia 
Jan. 9, 1916. 
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any symptoms of syphilis. Glands of internal secretion, especially 
thyroid and hypophysis, have been searched for the change which may 
have caused the disease, but no marked changes have been described 
in these organs. 

PATHOGENESIS 

The disease consists of imperfect formation of bones: The devel- 
opment of bones is normal up to formation of primary marrow spaces 
The spaces are not lined by bony cells, as they should be, and this 
starts the abnormal development. All observers' agree that there is 
deficient formation of bone, but there are some differences of opinion 
as to whether the process of absorption of bone, which is a normal 
process during the growth, remains within normal limits. Thus 
Axhausen 14 says that the nature of the disease is a deficient enchondral 
and periosteal bone formation, due to lowered function of osteoblasts 
and of the periosteal cells, while the preparatory calcification of car- 
tilage and absorption of bone are normal. Segawa, 1& on the other 
hand, says that the pathologic process in the bone in osteogenesis 
imperfecta congenita consists of a disproportion between building up 
and breaking down, which leads to porosis, deficient apposition or 
increased osteoclastic resorption playing important roles, individually 
or combined. These deviations from the normal result in (1) absence 
of successive thickening of corticalis toward the middle of the diaph- 
ysis; (2) the bone formed from the periosteum remains in the 
primitive stage of fibrous bone; (3) the reticular structure shows wide 
meshes, the Haversian canals being replaced by large marrow spaces; 
(4) the osteoporosis in all probability is secondary to excessive forma- 
tion of the medullary spaces, which again is due to deficient develop- 
ment of the bony substance and to increased absorption. The more 
remote cause of this maldevelopment is supposed to be embryonal 
malformation of periosteum and endosteum at the beginning of the 
process of ossification (Dieterle) or to the circumstance that the osteo- 
blasts that arise from avascular, fibrous bone marrow because of insuf- 
ficient nutrition do not develop properly, remaining polygonal and low, 
and later many of them undergoing metaplasia into osteoclasts 
(Buday 16 ). An objection, however, might be made to the latter 
theory, since avascular, fibrous marrow is not found in all cases. 


14. Axhausen: Osteogenesis imperfecta oder fruhe Osteomalazie als Grund- 
lage der idiopathischen Osteopsathyrosis, Deutsch. Ztschr. f. Chir., 1908, 92 , 
Nos. 1-3; Zur Frage der Osteomalazie im Kindesalter, Gedenkschrift f. v. 

Leutbold, 1906, 2 . . , c , , 

15. Segawa: Combination of Congenital and Acquired Diseases of the bkeie- 
ton (Osteogenesis Imperfecta' Congenita, Morbus Barlowii, Rachitis), Ztschr. 

f. Kinderh., 1915, 12 , 246. . . . ' fin<ra 

16. Buday: Beitrag zur Lehre von der Osteogenesis imperfecta, bitzungs- 
berichte d. k. Akademie zu Wien. Math.-naturwissensch, Klasse, 1895, im. 
Nos. 1-5. 
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Fig. 9 (Case 4). — Osteogenesis imperfecta, T. R., aged 3 years. 


extremities are shortened and deformed. In the skull the clivus is 
often seen in the lateral position and there is usually malposition of 
the nasal bones. If the root of the nose is retracted, they are almost, 
horizontal, while if flattened, they are more vertical. The flattening 
of the bridge of the nose is due either to a primary tribasilar synos- 
teosis or a failure of development, which causes the base of the skull 
to be shorter. The ribs are thickened at the epiphyseal lines. The 
extremities are short and thick and the epiphyseal regions prominent. 
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inferior quality histologically, being porous. The periosteum of the 
callus is broadened and rich in cells. Bone marrow is abundant, being 
gelatinous or finely fibrillar. Periosteal callus preponderates over the 
myelogenous. The callus is laid down in cartilage first, which is fol- 
lowed by metaplasia of cartilage into bone. When the callus is fully 
developed it consists of a network of calcified bony trabeculae with 
osteoblastic covering, with islands of hyaline cartilage below the peri- 
osteum and irregular arrangement of bony lamellae. The size of the 
callus depends mainly on the development of germinal and cartilage 
tissue, while the bone tissue is just as deficient as in other parts of the 
skeleton ( S ega wa 1 5 ) . 

The so-called calvaria membranacea is also characteristic of the 
disease. The cranial vault resembles a soft rubber sac with mosaic- 
like inlays of small pieces of bones around the>centers of ossification. 
The fontanels are widely open and abnormally large. The bones may 
be so brittle that on pressure they' easily crumble to pieces. The 
membranous sac is formed by connective tissue : membrane, which is 
poor in cells. The diploe is not formed. These findings apply espe- 
cially to osteogenesis imperfecta congenita. 

METABOLISM 

Schwarz and Bass, 20 who have studied metabolism in a case of 
osteogenesis imperfecta congenita, found that nitrogen metabolism is 
approximately normal, fat retention and resorption is normal. Cal- 
cium retention was only slightly below the normal, there being, how- 
ever, a positive calcium balance. In two cases of osteogenesis imper- 
fecta congenita Bookman 21 found that during the active stage phos- 
phorus retention was materially higher than that of two normal chil- 
dren examined by Cronheim and Muller; 22 magnesium retention was 
low during the active stage, but this increased with the increase in 
calcium retention during the healing stage, the increase in magnesium 
retention, however, being less marked than in calcium. As to calcium 
metabolism, Bookman came to the following conclusions, based on the 
study of two cases of osteogenesis imperfecta congenita, age approxi- 
mately 3 and 4' months: 1. In active cases the calcium retention is 
somewhat below or very decidedly below the normal. 2. It is probable 
that variations in the course of the disease cause changes in the cal- 
cium balance.' 3. .The deficient retention of calcium is apparently 
influenced favorably by cod liver oil and phosphorus, and still moie 
strongly by calcium lactate. 

20. Schwarz and Bass : Osteogenesis Imperfecta : Report of a Case with the 

Study of Its Metabolism, Am. Jour. Dis. Child., 1913, 5, 131. . . 

21. Bookman, A.: The Metabolism in Osteogenesis Imperfecta with bpeciai 
Reference to Calcium, Am. Jour. Dis. Child., 1914, 7, 436. 

22. Cronheim and Muller: Biochem. Ztschr., 1908, 9> 76. 



HESS— OSTEOGENESIS IMPERFECTA 


179 


The center of the body is displaced upward. The shafts of the bones 
often show great thickenings and shortening of the cortical substance, 
and overgrowth of the bony epiphysis is so marked that it often 
appears to overlap that of the epiphyseal line. The periosteum shows 
great thickening, the cortical substance is broader and thickened and 
the medullary canal is narrow, and sometimes the latter is replaced 
by hard cortical tissue. Thus it will be seen on examination of Figures 
10 and 11 that the bone changes are marked in both the length and 
breadth. “The shortening of the long bones is due to the cartilaginous 
ossification of the epiphyses, and it is very evident that these abnor- 
malities are brought about by the disturbance in the normal process of 
ossification in the primary cartilage” (Rotch). 

In cretinism the body length is normal at birth, but shows later a 
greatly retarded development. The degree of retardation varies with 



Fig. 12. — Cretin, aged 16 months. On superficial examination it shows 
some resemblance to osteogenesis imperfecta. However, the Roentgen-ray 
findings (Fig. 15) make the diagnosis complete. 


the degree of thyroid atrophy (directly), and the amount and length 
of time of treatment. There is a universally retarded development of 
the bony skeleton due to delayed endochondral and periosteal growth, 
which is especially marked in the carpal and tarsal bones and in the 
phalanges. There is delayed development of the bony nuclei in the 
epiphyses and delayed union between epiphyses and diaphyses. The 
delays in bone deposits are usually very marked. A 2-year-old child 
may show bone development of a 6 or 12 month infant. 

In mongolism Roentgen-ray examination has no great practical 
value, as in marked cases clinical diagnosis is easy and the bone 
changes have no definite pathognomonic characteristics. The general 
skeletal development shows no pathognomonic changes, the degree of 
retardation varying in different cases and different regions in the same 
case, while others may show no retardation. On the whole, the bones 
are well developed for their age, in fact occasionally the short bones 
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3. Deficient shadow formation seen in all bones of the body, due' 
to increased permeability to Roentgen rays. Often the bone shadows 
show but little more density than the surrounding soft parts. 

4. The diaphyses of long bones may be slender, and only very 
rarely show any curvature or bending. 

5. The cortex is of irregular thickness, on the whole very thin 
and parchment-like in appearance and may even appear to be absent 
in some places. There is little or no tendency toward thickening on 
the concave side of the shaft. 



Fig. 1 (Case 1).— Osteogenesis imperfecta, C. R., aged 16 months. 


6. The spongiosa contains wide meshes and an absence of struc- 
tural markings. These changes are not limited to the diaphyses. All 
bones show this change, but not to the same degree, the most marked 
changes being found in the bones of the hands. 

7 ‘. The medullary cavity is increased in size and shows irregularly 

mottled shadow. 

- 8. The epiphyseal cartilages and their centers of ossification are 
larger than normal and the epiphyseal lines are straight. 

The following cases of osteogenesis imperfecta came under our 
observation : 



Fig. 14. — The Mongolian idiot and cretin, each about 2 years of age, show- 
ing the marked difference in physical development between these two conditions. 



Fig. 15. — Radiogram of cretin illustrated in Figure 12, showing delayed 
epiphyseal ossification. 



I 
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did not pit on pressure, but there were no redness and no fluctuation There 
was discoloration over the middle of the left tibia and the upper part of the 
right thigh. There was epiphyseal enlargement of all the extremities There 
was dorsal scoliosis. On May 12, 1914, the Roentgen-ray report (Fig. 1) 
showed fracture of the right fibula and femur and the left tibia and lon°- fibula 
The femur was very thin in the central third. The epiphyseal ends of the long 
bones and the tarsal bones showed no definite points of ossification. There was 
fracture of the radius and ulna, right and left. On July 21, 1914, roentgeno- 
grams were taken, which showed a definite amount of lime deposits in lamellae 
of bones. At the middle of the shafts of the left tibia there was a fracture; 
at this point there was deficient lime deposit. There was a distinct bowing 
forward at this point. There was a fracture with callus formation in the 
upper third of the shaft of the right radius and a similar condition in the 
ulna of the left arm. A roentgenogram taken Sept. 2, 1914, showed the same 
findings as before. On Oct. 6, 1914, the patient was. getting along well, was 
gaining in weight and was looking well. 

Summary of Roentgen- ray findings showed multiple intraperiosteal frac- 
tures of the shaft of the long bones with considerable callus formation. Bones 
showed little tendency to bend before fracture. There was also evidence of 
bone absorption at the seat of some of the fractures. There was absence of 
thickening on the concave side of the long bones; the epiphyseal line, how- 



Fig. 3 (Case 2). — Osteogenesis imperfecta tarda, V. K„ aged 3 years. 


ever, was somewhat irregular, an evidence of rachitic changes. At the time- 
of the discharge of the patient from the hospital, five months after she entered, 
the fractures showed a marked improvement, as evidenced by Figure 2, and 
the bones showed increased calcium deposit and the bone condition was in the 
stage of repair. 

Case 2. — V. K. was admitted to Cook County Hospital Nov. 28, 1914. The 
diagnosis was osteogenesis imperfecta tarda. The child was brought to the 
hospital by the father because the boy was unable to use his arms and legs. 
The father thought this began about a year before; previously to that he had 
been able to walk. The child had never been seriously sick at any time. The 
feeding history of the boy was not obtained. _ 

The family history showed the father and mother living and well, lnere 
was another child 2 years of age brought to the -hospital at the same time with 
.a similar trouble, which had come on five months before. There were also 
one child at 4 years and one at 1 month living and well. 

Examination showed a poorly nourished boy of 3 years who appeared 
below par, both mentally and physically. The head was large, appeared slightly 
hydrocephalic, and the hair was long and silky. The teeth were all present, 
but poorly formed. There was cervical adenopathy. There was flaring of the 
chest in the lower portion. A rosary was present, and there were, nodules at 
the seat of the costal fractures. The lung findings and heart findings were 
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which in osteogenesis imperfecta are normal, show most marked 
changes in rickets. The zone of proliferation is widened, with an 
irregular, toothed appearance on the epiphyseal side of the diaphysis, 
and there is also a broadening and flaring out of the epiphyseal end of 
the diaphysis, which is very characteristic for rickets. The epiphyses 
tend to be larger than normal, irregular in outline and may be of 
decreased density. The end of the shaft is streaked and presents an 
irregular line at the joint end and above it a curious transverse zone 
of different structure from the rest of the bone. 



Fig. 18. — Acute rickets, first stage, showing thickening of cortex, pale 
spongiosa, cupping and fraying of the ends of the shafts, with poorly devel- 
oped epiphyses and haziness of joints. 

Lovett 20 divides bone lesions of rickets into three stages. As only 
the severe types of rickets call for differentiation from osteogenesis 
imperfecta and only from the late type of the latter, we will describe 
only the severe lesions, as noted by him. In the first stage the 
epiphyses cast little or no shadow, while the center of ossification is 
small or absent and at times appears multiple. The diaphysis becomes 
frayed out. instead of clear cut, the periosteum thickened, and the 

26. Lovett: The Roentgenographic Appearances in Rickets, with a Comment 
on Differential Diagnosis, Jour. Am. Med. Assn., 1915, 65 , 2062. 
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negative. There was potbelly. The liver and spleen were negative. The 
extremities showed marked bend in the lower arm and of the femur. There 
was enlargement of the epiphyseal end of the femur at the knee. The upper 
portion of the fibula was freely movable and the shaft appeared to be 
cartilaginous. Both knee joints were very loose and the tibia could be moved 
laterally at the knee joint. The movements of the legs were painful. The 
musculature all over the body was flabby, but there seemed to be no complete 
loss in motion in any group. The knee jerks were increased. 

Roentgenograms of the bones in Case 2 (Fig. 4) show the bones to be of 
less density than normal, and they appear thin and atrophied. The greatest 
density is shown subperiosteally in the shafts as a thin, almost paper-like layer, 
while the medullary cavity seems to be increased at the expense of the 
spongiosa. The epiphyseal lines are sharp, but perhaps less regular than nor- 
mal. The concave side of the shafts of the long bones show an absence of 
thickening, which is usually markedly in evidence in rickets. The fractures 
are numerous and in most cases occur near the middle of the shafts and show 
large deposits of callus with little tendency to ossification, although there is 
a tendency to calcification. The bones as a whole show increased radiability 



Fig. 6 (Case 3).--C. S., aged 2 years, osteogenesis imperfecta. 


and appear unduly translucent. Some of them appear to have but little 
increased density over the soft parts. Six months later, while still under 
treatment, internally as well as by the orthopedic department, the child was 
again examined by means of the Roentgen ray and the general condition of 
' the bones was greatly improved, as evidenced by Figure 5. 

Case 3. — C. S., was admitted to Cook County Hospital Nov. 25, 1915, and 
died Jan. 9, 1916. The diagnosis was osteogenesis imperfecta tarda with hydro- 
cephalus and secondary rachitic changes, with a complication of bronchopneu- 
monia. There was no history obtained except that the child had always been 
ill. The father said that the enlargement of the head had been present trom 
birth. The complaint at the time of entrance was loss in weight and poor 
condition. The father was well and the mother was sick with pneumonia. 
There were five children, aged 9, 8, 7, and 3 years_ and one 8 months i old 1, al 
well. There had been four miscarriages. No feeding history was obtain . . 

Examination showed an emaciated child of about 2 years^ with several bone 
deformities. The hair was lusterless, uneven, long and fluffy. The head was 
hydrocephalic, square, with prominent parietal bones, and sweating. 1 y 
were bulging, pupils equal and reacted to light and accommodation, the 
mouth contained badly discolored teeth, just appearing through the gums, 
also an inflammation extending around the entire course o 
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indicate the absence of marked bone deposit, and heavier lines of ossi- 
fication show the irregular development of trabeculae. The second 
stage is generally a period of systemic reaction to the disease, in. which 
signs of returning ossification occur and when deformity begins (Fig. 
19). In the third stage, the epiphysis begins to resume its normal 
contour and homogeneous shadow density. Irregularities persist in 
the marginal outline, and there is still a little mottling in the ossifica- 
tion. The lipping of the diaphyses has enlarged the bone ends, and 





L, ; . I -v: . : 

Fig. 20. — Rickets, third stage. Shafts show marked and irregular thicken- 
ing, periosteum thickened on the concave side, disappearance of flaring and 
irregularities at the ends of the shafts and epiphyses distinctly ossified; marked 
curvature of the shafts. 

there is in consequence a discrepancy in breadth between the diameters 
of the diaphysis near the epiphyseal line and the epiphysis (Fig. 20). 

In infantile scurvy the most constant finding is an irregularly cir- 
cumscribed shadow of varying diameter and intensity at the end of the 
diaphysis at the seat of new bone formation. This shadow, according 
to Rehn 27 enables one to make an early diagnosis of scurvy when all 


27. Rehn : Rontgenaufnahmen von mit Lues congenita und Rachitis aftizierten 
Knochen, Naturforscherversammlung, Diisseldorf, 1898. 
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Case 4. T. R., aged 3 years (Fig. 8), was admitted to the Cook County 
Hospital June 8, 191 6, on the seryice of Dr. May Michael. A diagnosis was 
made of osteogenesis imperfecta tarda, with a bronchopneumonia. The patient 
is still ill the hospital at the time of writing. He has had a cough’ ever since 
he was 6 months of age. He was at the Home for ' Crippled Children one 
month for advice. The child was born spontaneously at full term at Cook 
County Hospital, May 9, 1913. The first teeth appeared at 9 months. The 
child never walked. He was breast fed till nine months before entrance, then 
mixed diet was given. The family history showed the father and mother to 
be well; there were three other children, 1, 3 and 6 years of age, respectively, 
all well. Physical examination showed a poorly developed boy. The head 
was large, square and of a rachitic type. The eyes, nose and ears were normal. 
The lips were dry and cracked. The tongue and buccal membranes were 
sites of stomatitis. The pharynx was red. The chest was of a narrow lateral 
dimension, showing a rosary and marked flaring costal margins. The lung 
resonance was normal. There were a few coarse rales over the left lower 
lobe, but there was no bronchial breathing. The heart was normal. There 
was potbelly. The liver and spleen were not palpable. The extremities showed 
enlargement of the epiphyses on both lower and upper. On June IS, 1916, 
Roentgen-ray findings (Fig. 9) showed the case to be osteogenesis imperfecta 
and the lungs suggestive of tuberculosis. On June 23, 1916, roentgenograms 



Fig. 8 (Case 4). — Osteogenesis imperfecta, T. R., aged 3 years. 


showed the chest very narrow and the pulmonary area considerably increased 
in shadow; this shadow may or may not indicate tuberculosis. Examination 
of the extremities revealed that the long bones were very narrow as compared 
with their length; the shadow indicates very delicate bo.ne structure; there is 
very little distinction between cortex and medulla; multiple fractures are seen 
to involve practically all of the long bones. A noticeable feature is an absorp- 
tion of calcium at the seat of fractures. The bones are not curved as in 
rickets. The epiphyseal lines are more or less negative and differ greatly 
from the appearance usual in rachitis. 

Of the four cases of osteogenesis imperfecta above described, two 
are of boys and two of girls. Their ages were 16 months, 3, 2 and 3 
years, respectively. 

DIFFERENTIAL DIAGNOSIS 

The Roentgen ray is invaluable in the differential diagnosis of osteo- 
genesis imperfecta, and also chondrodystrophia foetalis, cretinism, 
mongolism, rachitis, infantile scurvy, syphilis (early congenital and 
later manifestations) and tuberculosis of. bones. 

In chondrodystrophia foetalis the trunk is normal, while the 
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atrophy, the cortical substance is thinned and the spongy portion 
appears less dense, often giving a shadow of a density but little greater 
than the soft tissues. Callus formation in tuberculosis is very defi- 
cient. When tuberculosis affects joints, there is a high-grade atrophy 
and destruction of the bone. The bone ends show marked transpar- 
ency. This increases the nearer it approaches the joint (Reyher 28 ), 
thereby decreasing and often impairing the visibility of the joint con- 
tour. The entire region of the joint may become less visible. Com- 
parison should be made with the well side, especially early in the dis- 
ease, when diagnosis may be difficult. The tuberculous joint lesions 



Fig. 24. — Late bone changes in congenital syphilis. 

and fractures are very painful, thus differing from fractures of osteo- 
genesis imperfecta, which seem to be attended with but little pain. 

Osteomyelitis presents an outline showing periosteal reaction in 
the form of proliferation of new bone about the necrosed area, or 
again the sequestra may be plainly visible (Fig. 27). It is difficult to 
make positive diagnosis before the second week. By the second week 
we have evidence of a more or less marked periosteal proliferation 
and new periosteal bone formation about the necrosed area. Light ' 
and irregular shadows at the seat of the bone involvement are also 
now visible, due to bone destruction. Later in the disease distinct 
bone sequestra surrounded by a definitely lighter shadow are charac- 
teristic. 
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are developed too early. The skull is usually microbrachycephalic, 
the orbits low and converge inward, the sella turcica small, with over- 
lapping clinoid processes, which often appear to involve the hypoph- 
ysis. The hands are short and broad, due to small metacarpal and 
phalangeal bones. The thumb and little finger show the shortening to 
the greatest degree. The little fingers often show concavity on the 
side approximating the ring finger. . This is chiefly due to shortening 
and curving of the middle phalanx. The thumb often shows a button 
like appearance with circular-like contraction at the proximal end of 



Fig. 13.— Mongolian idiot, aged 1 year. See Roentgen-ray findings, Figure 16. 

the metacarpal and distal end of the basal phalanx. Theie is a ten- 
dency to congenital anomalies, among which bone deformities are com- 
mon; clubbed feet, syndactylism, superfluous toes, spina bifida, and 
micromelia of the upper extremities are often associated with other 
congenital deformities, as of the heart, genito-urinary tract and ears. 

In rickets partial or complete fractures are usual, but they are not 
intraperiosteal and there seems to be very little tendency toward callus 
formation, although apparently enough to make the bone more or less 
solid. The calcium- content of the callus is so very low that it is almost 
invisible in a roentgenogram. Deformities in rickets are much more 
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Segawa 15 describes for the first time the combination of osteo- 
genesis imperfecta as a congenital affection with Barlow’s . disease ' 
and rickets as acquired affections in an infant. The former was diag- 
nosed clinically, the latter two only anatomically. 

PROGNOSIS 

The prognosis for infants affected with osteogenesis imperfecta 
is not favorable. A great majority of these children are stillborn or 
they die a short time after birth or within the first three years of their 



Fig. 26. — Tuberculosis of the bones. 


life. Since the disease is caused by a congenital anomaly, prognosis 
depends on the intensity of this anomaly, which may be judged from 
the time of its appearance and other clinical symptoms. Besides, these 
children are very susceptible to secondary infections and they usually 
die of some intercurrent disease. Prognosis is more favorable for 
cases occurring later in childhood as some seem to undergo spon- 
taneous cure. 

In the treatment of the disease calcium salts, phosphorus, and cod 
liver oil should be given a thorough trial. We have seen but little 
result from the use of desiccated thyroid parathyroid thymus, supra- 
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marked in the lower than in the upper- extremities. Bowing and bend- 
ing is characteristic. In the femur the greatest change may be in the 
neck, causing coxa vara. The pelvis may become flattened and the 
body shortened as a whole. Not infrequently palpable nodular thick- 
enings involving part of the cortex are seen on, the convex surface of 
the long bones. Increased radiability of bones is a property which 
rickets in its active stage shares with osteogenesis imperfecta. After 
the process in rickets subsides the bones, while still showing deformi- 



Fig. 16. — Radiogram of Mongolian idiot shown in Figure 13. Normal epi- 
physeal ossification. ' / 



Fig. 17.— Mongolian idiot, showing curving of little fingers. 


ties and curvatures, appear broader than normal and show even 
increased density of bone, which is especially marked at the ends of 
the diaphyses. The periosteum in rickets is definitely thickened, but 
the periosteal borie shadow is often pale, due to the low calcium con- 
tent. The cortex has about the same appearance as in osteogenesis 
imperfecta. On the concave sides of long bones the cortex is thick- 
ened, which is almost pathognomonic of rickets; it may be thinned on 
the convex side.. The medullary- cavity is often increased in size m 
rickets and constantly so in osteogenesis imperfecta. The epiphyses, 
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combined with cod liver oil, phosphorus and the calcium salts together 
with a diet containing fresh fruits and vegetables have resulted in most 
striking results in our cases of osteogenesis imperfecta tarda . 31 
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31. In addition to the references already given, the following will be found 
of interest: 

Dieterle : Die Athyreosis unter besonderer Berucksichtigung der dabei 
auftretenden Skelettveranderungen, sowie der differentialdiagnostisch 
vornehmlich in Betracht kommenden Stoungen des Knochenwachstums, 
Virchows Arch. f. path. Anat., 1906, 184 , 915. 

Lovett and Nichols: Osteogenesis imperfecta, Brit. Med. Jour., 1906, 2, 915. 

Sumita: Beitrag zur Lehre von der Chondodystrophia foetalis (Kaufman) 
und Osteogenesis imperfecta (Vrolik) mit besonderer Berucksichtigung 
der anatomischen und klinischen differentialdiagnose, Deutsch. Ztschr. f. 
lclin. Chir., 1910, 107 , 1-111. 

Fraenkel and Lorey: Die Rachitis im Rontgenbild, Supplement 22, der 
Fortschrift a. d. Geb. d. Rontgenstr., Hamburg, 1910, Suppl. 22, p. 5, 
Lucas Grafe and Sellen. 

Simmons: Osteogenesis imperfecta und idiopathische Knochenbruchigkeit, 
publication of the Massachusetts General Hospital, Boston, 1908, 2, 17. 
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whole joint appears hazy. Multiple fractures are common. This is 
the stage which is frequently classed as osteogenesis imperfecta (Fig. 
18). In the second stage the shadow of the epiphysis becomes more 
marked, the area is ragged and irregular, the ends of the, diaphysis 
begin to broaden, especially on the side on which the strain is greater, 
and here produces a ledge or lip next to the epiphyseal line. There is 
a thickening on the concave side of the shaft, which is a compensatory 



Fig. 19. — Rickets, second stage, showing marked thickening of periosteum, 
flared and toothed appearance of ends of shafts, with increased bony for- 
mation in the nuclei. 

change. The diaphysis begins to give a more definite shadow. The 
■ends next to the diaphysis are streaked longitudinally and are the area 
of maximum disturbance. At the epiphyseal end of the shaft there is 
generally a transverse area of increased density, reaching about a 
quarter or half an inch from the epiphyseal line. This continues into 
the third stage. Further changes in the second stage consist in the 
chambering of the interior of the bone, where light areas in the shaft 
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additional families, so that fifteen were then reported . 14 Since then 
eleven more families have been described, including the three here 
detailed, so that this condition has now been found to exist in twenty- 
eight families . 15 Other, isolated, instances, with no further cases in 
any of their families, have been reported by Chauffard , 10 Kelly , 17 Fox , 13 
Galloway , 19 Lack 20 and Adamson , 21 but I have omitted all consideration 
of them on account of their lack of any hereditary tendency toward 
this condition. 

It has been defined as a hereditary affection, manifesting itself in 
localized dilatations of capillaries and venules, forming distinct groups 
or telangiectases, which occur especially on the skin of the face, nasal 
and buccal mucous membranes and give rise to profuse hemorrhage, 
either spontaneously or as the result of trauma (Hanes). 

In its causation, a hereditary tendency is the only factor which is 
constantly present, although others, such as syphilis, alcohol and trau- 
matisms, have been irregularly reported. A history of syphilis, how- 
ever, is only recorded in three instances, yet its unrecognized presence 
may probably have existed in a somewhat greater frequency. Stokes 22 
recently has written an interesting article showing that syphilis, chronic 
plumbism, hyperthyroidism and nephritis may cause cardiovascular 
degenerative conditions which result in the formation of generalized 
telangiectasia. Alcohol, likewise, is a most inconstant factor, which is 
only thrice stated to have been present, and traumatism, of etiologic 
importance, is just as rarely seen, for it appears but two times in the 
histories of the twenty-eight families exhibiting this condition, although 

14. In this enumeration the family reported by Josserand was unintentially 
omitted and Osier’s second case seemed to be an isolated instance, not of the 
family type. Later another member of the family, similarly affected, was 
discovered. Gottheil’s family was also omitted from Hanes’ list. It was pub- 
lished shortly before Hanes’ article appeared. Hanes’ list includes Babbington’s 
family, in which epistaxis was observed for five generations, but no mention 
is made of telangiectases in any of its members. It probably should be added 
to this group, but, on account, of the absence of positive evidence, I have 
omitted it. 

15. Laffont: Presse med., 1909, 17 , 763. Langmead: Proc. Roy. Soc. Med., 

1910, 3 , Clinical Section, p. 109. Audry: Rev. de med., 1911, 30 , 22. Osier: 
Riforma med., 1911, 27 , 57. Van Wagenen: Med. Rec,, New York, 1912, 
81 , 109. Sequeira: Proc. Roy. Soc. Med., 1912-1913, 6 , Dermatologic Section, 
p. 128. Gjessing: Hospitalstidende, 1915, 8, 1151. Hutchison and Oliver: 
Brit. Med. Jour., 1916, 9, 67. _ * 

16. Chauffard: Bull, et mem. Soc. med. d. hop. de Paris, 1896, 13 , Series 3, 
p. 352. 

17. Kelly: Proc. Roy. Soc. Med., 1908, 1, Laryngological Section, p. 45. 

18. Fox: Brit. Jour. Dermat., 1908, 20, 145. 

19. Galloway: Proc. Roy. Soc. Lied., 1910-1911, 4, Clinical Section, p. 42. 

20. Lack: Jour. Laryngol., 1909, 24, 185. 

21. Adamson: Brit. Jour. Dermat., 1909, 21, 219. 

22. Stokes: Am. Jour. Med. Sc., 1915, 149, 669. 
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other classical clinical signs of scurvy are absent, provided it is pos- 
sible to exclude congenital syphilis. Less constant than this shadow 
are the subperiosteal shadows at the seat of hemorrhages. These 
shadows may be invisible even at the height of hemorrhage, becoming 
more and more distinct with age, probably due to the deposit of osteo- 
phytes. Fractures and infractions are demonstrable in scurvy. Other 
findings in scurvy, which, however, are not always demonstrable by 
Roentgen rays, are epiphyseal separation and displacements, hemor- 



Trigr 21. — Infantile scurvy, showing bone atrophy, periosteal disturbance m 
shaft and so-called white line at the end of the shaft. This case also presents 
marked rachitic changes. 


rhages within the joint capsule (considered to be very rare by 
Reyher, 28 ) and occasionally, but rarely, intramuscular hemorrhages 
may be demonstrated. The clinical symptpms often enable one to ma e 
a diagnosis of scurvy and, according to Frangenhemi, especially in 
older children a diagnostic triad makes diagnosis comparatively easy, 

28. Reyher: Das Rontgenverfahren in der Kiriderheilkunde, Meusser, Berlin, 
1912. 


STEINER— HEMORRHAGICA TELANGIECTASIA 


197 


states that it is not surprising that trivial traumatisms produce marked 
hemorrhage. 

In one member of the family reported by G jessing a microscopic 
examination was made from an angioma on the left cheek. In the 
corium blood-filled cavities were found, surrounded by a single layer 
of endothelium and a thin stratum of connective tissue, devoid of 
elastic or smooth muscle fibers. In some places the cavities extend 
upward to the epidermis, where the papillae were flattened. In one 
spot the cavity extended down into the subcutaneous tissue, where, in 
the surrounding area, numerous well-developed hair follicles and seba- 
ceous glands were seen. In this situation the elastic fibers were as 
numerous and well developed as in normal tissue. The changes then 
consist in a dilatation of the capillaries of the small veins, with the for- 
mation of telangiectases of the three types which I shall later describe. 
These dilated vessels, being only lined by endothelium without the 
additional presence of elastic or muscle fibers, become consequently 
very liable to rupture, induced either spontaneusly or by trauma. 

The chief symptom is hemorrhage, which may come from the telan- 
giectases in the nose as an epistaxis or from those situated elsewhere. 
These locations are the conjunctivae of the upper and lower lids, the 
ears, cheeks, nose, lips, mucous membranes of the mouth in the region 
of the hard or soft palate, the uvula, buccal mucous membranes or 
gums, tongue, neck, trunk, back, arms, finger tips, under the nails, or 
on the feet. The bleeding varies greatly in frequency. It may occur 
three to four times daily, once or twice a week or even with a greater 
interval of freedom. Kelly has described a patient in whom it was 
most apt to take place between the months of October and March, and 
would be both profuse and frequent. The amount of blood lost also 
.varies greatly. In Kelly’s patient, just referred to, it was so marked 
that death from syncope finally resulted. Legg and Chiari have 
reported cases in which dropsy ensuing from loss of blood caused a 
fatal termination, while Phillips has recorded a case in which death 
came from hemorrhage of the gums. Chiari aiso mentions a child, in 
one of his families, who died from a severe nosebleed, and Gottheil 
speaks of a male dying from the same cause. 

The bleeding may be a slight trickle from the nose or the spots, or 
come with more force. One of Planes’ patients found it not uncommon 
for him to injure one of the lingual telangiectases while eating, so that 
the blood would actually spurt from the injured spot and render further 
progress with the meal impossible. Gottheil has described two varieties 
of bleeding in one of his cases. From the nose it occurred as a slow 
trickling, lasting perhaps ten or fifteen minutes, while from the visible 
lesions of the tongue and lips it came as a sudden projectile spurt. 



188 THE ARCHIVES OF INTERNAL MEDICINE 

ferential diagnosis from osteogenesis imperfecta, in which disease the 
cortex is always very thin. In the phalanges the epiphyseal line is 
somewhat lighter, the diaphysis is stronger and more compact and 
forms a dark, sharply circumscribed shadow. The phalanges are 
longer and thickened. There are definite changes in the exterior of the 
bone without any change in the interior, unless suppuration has taken 
place and other long bones of the body are similarly affected, which 
differentiates syphilitic dactylitis from tuberculous dactylitis. Fractures 
are comparatively rare in syphilitic infants (Lovett 20 ). 


l.Jr 

7 



Fig. 23.— Early congenital syphilis, showing marked changes throughout the 
entire bone structure. 

O 

A characteristic of tuberculous lesions is primarily and definitely 
a destructive local process, without evidence of a tendency to bone 
stimulation. Osteogenesis, on the other hand, appears to be a general 
atrophy of all the bones of the body. In tuberculosis light shadows, 
due to bone destruction and calcium absorption, are seen surrounded 
by otherwise normal dark bone shadows (Fig. 26), while in osteo- 
genesis all the bones of the body show more uniformly increased per 
meability to Roentgen rays. The neighboring bone areas show 


l'iy\ 1. — Telangiectases 
veil in Figure 3 


.. de face. The family 
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Before concluding our discussion we desire to point out the ten- 
dency on the part of Cases 1 and 4 of our series to develop secondary 
rachitic bone lesions. These rachitic changes led to a questionable 
diagnosis in two of our cases ; however, a brief review of the changes 
characteristic of the two conditions will, I believe, clear up the situa- 
tion. The combination of the two conditions in the late form of the 



Fig. 25.— Congenital syphilis with later bone changes of periostitis ossificans. 

disease is the rule rather than the exception, while the early con- 
genital type has not infrequently been described as fetal rickets. 

Most of the cases are sent into the wards as scorbutus, because 
of the pain at the seat of the fractures following motion of the extrem- 
ities ; the roentgenograms, however, readily show the cause of t e 
pain. 
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Before Rendu’s time the disease was generally considered hemo- 
philia. Chiari, however, caught a glimmer of the real truth when he 
first diagnosed the .condition as one of telangiectases of the mucous 
membranes, which were hereditary in a family. Unfortunately, after 
a further study of his cases, he regarded the affection as due to hemo- 
philia. The epistaxis, or the telangiectases, may exist alone in certain 
members of the families implicated, but the hereditary tendency in 
them and the finding of the cardinal symptoms combined in other mem- 
bers of the family will make the diagnosis simple. The fact that the 
females are not affected by hemophilia may be, at times, of diagnostic 
value. 

The outlook is generally not very promising, for the hemorrhages 
are apt to increase in severity as middle life is reached, when the 
telangiectases are frequently first seen. In one of the cases, however, 
there was a cessation of the bleeding as this period was approached, 
while another bled only after this time from her nose and the telangiec- 
tases elsewhere, at each menstrual period. In four out of the 191 cases 
death has been directly attributed to the hemorrhages, in others it has 
involved much invalidism, while a third and smaller group has not 
been much incapacitated by them. 

Rendu used with excellent result, in his case, an application on the 
nasal mucous membrane of a powder of antipyrin, tannin and powdered 
sugar, and Coe has reported on the beneficial employment of calcium 
lactate and iron in his case, which he published as one of hemophilia. 
It is hard, however, to see the rationale of this treatment, for the dis- 
ease is due to a developmental defect in the blood vessels and measures’ 
to increase the coagulability of the blood ought not to yield good results. 
The use of iron and the application of the thermocautery to many of 
the spots might more reasonably explain the patients’ improvement. A 
bead of chromic acid, fused on a probe, was used with excellent success 
by Hanes, who recommends the method highly, as the action of the 
caustic may be checked at any time by the application of an alkali. The 
repeated use of this method may be necessary to check the bleeding. 
After the cause is thus removed, the use of iron and arsenic for the 
treatment of anemia is indicated. Although it has been unsuccessful in 
some cases, the cauterization of the troublesome bleeding areas appears 
to be the most satisfactory form of treatment. The use of radium for 
the nodular telangiectases might also be of avail. 

Since my interest was aroused in this condition from a case on the 
services of Sir William Osier, at the Johns Hopkins Hospital, in 1899, 
I have seen instances of it in three families and can give the following 
partial rehearsal of their histories. 
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renal, anterior lobe of the pituitary gland and pineal gland, which 
have all been tried alone and in combination in our cases. Joachims- 
thal 30 reports a case in which by administration of phosphorus prepara- 
tions he was able to produce within three months an almost normal- 
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right ear, while six more are visible on the posterior surface. On the septum 
of the nose, as well as on the left inferior turbinate, similar angiomas are 
observed and some of them appear to have bled very recently. The mucous 
membranes of the nose as well as the conjunctivae are very pale in color. 

Blood examination showed red blood corpuscles 4,696,000; leukocytes 4,800; 
hemoglobin (Dare) 60 per cent.; coagulation time three and a half minutes 
(Biffi Brook's instrument). A differential count of 300 leukocytes gave 
polymorphonuclears, 61 per cent.; lymphocytes, 26 per cent.; large mono- 
nuclears and transitionals, 12 per cent., and eosinophils, 1 per cent. There 
were no myeloblasts, no normoblasts or megaloblasts, no poikilocytosis, and 
but slight anisocytosis. The urine examination was negative. On March 5 
Dr. E. Terry Smith examined the patient’s nose and observed the presence 
of an old atrophic rhinitis. He also noted some telangiectases on the septum 
and left inferior turbinate, which he cauterized on two separate occasions. 
His other treatment consisted in the use of rest, iron and arsenic. Three days 
before discharge the patient’s hemoglobin was 70 per cent., but the blood exam- 
ination otherwise showed no change. On April 19 he was seen with me by 
Sir William Osier, who confirmed the diagnosis. He was discharged from 
the hospital March 23. 

The patient was then lost track of by me and could not be traced, as he 
had moved from the residence he gave, until April 1, 1916, when he walked 
into my office. After leaving the hospital he had worked steadily as a pedler 
until recently, when the hemorrhages from the telangiectases on his face, tongue 
and nose prostrated him so severely that he found himself in a very much 
weakened condition and unable to work. A few days later I had a Wassermann 
and luetin test performed on him, with negative results in both instances. The 
internal administration of iron chlorid has yielded him some improvement. 

Mrs. A. T., aged 33 years (Figs. 1 and 3, III, 24), first seen by me at my office 
on March 20, 1909, complained of bleeding from the face. The family history 
is given in the recital of the history of the previous case. The past history 
shows typhoid fever when the patient was 24 years old, of nine weeks’ duration, 
with complete recovery. Two years previously she injured her thigh severely 
in an explosion. Her menses have been regular, occurring every twenty-eight 
days, with a duration varying from three to seven days and with slight pain. 
She has been married for ten years and has had. three children, the age of the 
eldest being 8 and of the j'oungest 3. The labors have been instrumental and 
difficult. 

Present Illness : She has bled from the nose ever since she can remember. 
The epistaxis begins and stops spontaneously. The intervals between the 
bleedings have varied from three to four weeks up to two or three months. 
One year ago ergot internally seemed to check them. At this time she first 
began to bleed from the tongue, pharynx and hard palate. These hemorrhages 
are also well controlled by ergot and the local application of tincture of ferric 
chlorid. Ten days ago the bleeding began to be more profuse and would 
come on especially during eating, when mastication would frequently remove 
a clot from the tongue. 

Physical Examination: The patient was a well-nourished, well-built woman. 
The lips and mucous membranes were quite pale in color. The tongue was 
clean. On the dorsum of the tongue, near its middle aspect and slightly to 
the right, was a raised nodular angioma, split pea in size, with a flattened 
summit, from the center of which a pinpoint opening of a blood vessel was 
seen. The mucous membranes of the hard palate showed a number of telangi- 
ectases, pinhead in size. They were also seen about the vicinity of the cheek 
bones, one on the left side of the nose to the right of the bridge and 1.5 cm. 
from the tip being of the nodular type and split pea in size. The others varied 
from pinpoint to pinhead in size. All were bright red in color and did not 
blanch on pressure. On the right hand, near the styloid process, was seen a 
spot pinhead in size. The heart revealed a soft systolic murmur at the apex, 
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In 1865 Babbington 1 reported an interesting family in which recur- 
ring epistaxis had been observed for five generations. The trans- 
mission was through both male and female, but no mention was made 
of telangiectases in any of them. The first family in which these 
telangiectases were found was reported eleven years later by Legg, 2 
who described numerous small nevi on the face, forehead and trunk 
of his patient. They developed about his 41st year. These cases 
were followed by others reported by Chiari, 3 Rendu, 4 Osier, 0 Josse-. 
rand, 0 Kelly, 7 Hawthorne, 3 Parkes-Weber, 0 Phillips, 10 Waggett 11 and 
Ballantyne. 12 Rendu, however, was the first of these observers to 
associate the presence of epistaxis with multiple telangiectases as clin- 
ical manifestations of a distinct morbid entity. Henceforth the erro- 
neous diagnoses of hemophilia, acquired angiomas from cirrhosis of the 
liver and hemorrhagic diathesis were no longer applied to this con- 
dition. Further interest in its study was aroused by the papers of Sir 
William Osier, whose first published article on it appeared in 1901. 
Most of these cases were carefully abstracted in 1909 by Hanes 13 when 
.he reviewed the literature on this subject and accurately described two 

*Read in part at the meeting of the American Climatological and Clinical 
Association, Washington, D. C., May 9, 1916. 

1. Babbington: Lancet, London, 1865, 2, 362. Recently Lane (Jour, of 
Heredity, 1916, 7 , 132) has described hereditary nosebleed observed in a 
family for three generations. 

2. Legg: Lancet, London, 1876, 2, 856. ' 

3. Chiari: Erfahrungen auf dem Gebiete der Hals und Nasenkrankheiten, 
Vienna, 1887, p. 60. 

4. Rendu: Gaz. d. hop., 1896, 49, 1322. 

* 5. Osier : Bull. Johns Hopkins Hosp., 1901, 12, 333. 

6. Josserand : Bull, der la Soc. med. d. hop. de Lyon, 1902, 1, 244. 

7. Kelly: Glasgow Med. Jour., 1906, 65, 411. 

8. Hawthorne : Lancet, London, 1906, 1, 90. 

9. Parkes-Weber: Lancet, London, 1907, 2, 160. 

10. Phillips: Proc. Roy. Soc. Med., 1908, 1, Laryngological Section, p. 45. 

11. Waggett: Proc. Roy. Soc. Med., 1908, 1, Laryngological Section, p. 70. 

12. Ballantyne: Glasgow Med. Jour., 1908, 70, 256. 

13. Hanes : Bull. Johns Hopkins Hosp., 1909, 20, 63. 
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in size from a pinhead to split pea in size of which there were two on the 
tongue which were slightly raised. Some were of the spider type. AH were 
cherry red in color. The heart was negative on examination. A Wassermann 
reaction on the blood and spinal fluid was later performed with negative 
results. Blood examination showed red blood corpuscles 4,000,000, white blood 
corpuscles 10,000, hemoglobin 75 per cent. The urine examination was nega- 
tive. Subsequently the bleeding, especially from the nose, has increased in 
severity. The cauterization of the bleeding areas has been of little avail. 

Family 27 (Fig. 4) (Steiner 2). — Recurring epistaxis occurred in three 
members of the family for two generations; telangiectases with epistaxis were 
present in the only member of the family seen. 

E. N., aged 41 years (Hospital No. 66927), was admitted to the Hartford 
Hospital on my medical service, March 17, 1913, complaining of being run 
down (Fig. 4, II, 8). 

Family History: Her father had died of old age, her mother of pneumonia. 
Of her four sisters and one brother, one, a sister (II, 5), aged 47, had been 
subject to attacks of epistaxis all her life, but especially during childhood. She 
is married but has no children. She resides in Stockholm, Sweden. Another 
sister (II, 7) has a son (III, 7), aged 17, who has had frequent attacks of 
epistaxis since early childhood. There are no others in the family subject to 
epistaxis. 
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Fig. 4. — Family 27, Steiner 2. 


Past History: The patient had measles at 8 years of age. Her menses 
began at 14, were regular every twenty-eight days, with a duration of six or 
seven days. The flow was always very profuse. 

Present History: When she was about 25 years old, she began to have 
attacks of moderate epistaxis the day preceding the onset of each menstrual 
period. Her gums, however, have always bled easily when she cleans her teeth. 
Twelve years ago she emigrated to this country from Sweden, and two or 
three years later she began to have red spots on her cheeks. Two years later 
she noticed them on her hands and wrists. Occasionally she has had slight 
attacks of dizziness during the past few months. For the past week she has 
had one to three attacks of severe epistaxis daily, followed by sensations of 
weakness. The hemorrhages last from ten to fifteen minutes and cease 
spontaneously. 

Physical Examination: The patient was a rather poorly nourished, slen- 
derly built woman. The lips and mucous membranes were quite pale. Over 
the ears, cheeks, mucous membranes of the lips, tongue and cheeks, wrists, 
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it must be stated, as Hanes' has previously shown, that the telangiec- 
tases are generally located at points most subject to frequent slight 
traumatisms. The bleeding in these cases is often so severe that a 
condition of marked anemia is induced, which may be an important 
factor in the development of the telangiectases. Certain it is that the 
bleeding generally precedes the formation of these localized dilatations 
of the capillaries and venules, and may do so with many years inter- 
vening between them. In some of the cases, also, a respite from the 
bleeding appears to be coincident with the disappearance of the telan- 
giectases. Cases have been reported in England, France, Germany, 
Denmark and the United States. The Anglo-Germanic race has fur- 
nished most of the examples, followed by the Latin and Scandinavian. 

Kelly thinks that October to May, inclusive, are the months in 
which the bleeding is most apt to occur, but other observers have' not ' 
corroborated this fact. Hutchison and Oliver thought their patient 
bled more during the summer months. It has been noted in ninety-two 
males and seventy-three females, so its distribution among the sexes is 
probably about equal. Both sexes are able to transmit it. In the pub- 
lished cases thirty-two women have transmitted the tendency as against 
thirty-five men. The pathology of this condition has been investigated 
on three occasions. The first case was when Dr. Mabel Austin exam- 
ined at Dr. Osier’s suggestion a section of the nasal mucous membrane 
of a patient, in the first family which Dr. Osier reported. This patient 
was the first to come to necropsy, which revealed “cancer of the 
stomach, mesentery and omentum, liver, retroperitoneal glands, lungs 
and brain.” In the stomach there were also found “a dozen round foci, 
each from 3 mm. to 4 mm. in size, which at first looked like ecchy- 
moses, but were dilated venules and capillaries.” The sections of the 
septum of the nose showed large dilated veins just beneath the epithe- 
lium. Our information from the second case comes from a biopsy 
which Dr. Hanes performed on one of his patients. The tissue was 
removed from a telangiectatic spot and showed “the obliteration of the' 
papillae of the corium, together -with the absence of the usual undula- 
tions of the stratum germinativum. This is doubtless due to the rela- 
tively enormous dilatation of the blood vessels of the corium, which 
are seen as wide spaces, lined by a single layer of endothelium lying 
immediately subjacent to the greatly attenuated epidermis. These 
dilated vessels can be traced well down into the subcutaneous fatty 
tissue. A study of sections stained by various special methods failed 
to reveal any muscular or elastic tissue in the walls of the dilated super- 
ficial vessels, although the less dilated vessels in the subcutaneous fatty 
tissue show the normal arrangement of the tunicae .” Consequently, 
Hanes refers to the insufficient protection of the dilated vessels and 
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Physical Examination: The patient was a well-developed, well-nourished 
Italian. There was evidence of a slight operation on his tongue on the left side. 
The edges "of the healed wound were not ulcerated but felt indurated. The teeth 
were in very bad condition and the breath was very foul. The lungs revealed 
medium, moist rales at both bases, posteriorly and in the left axilla. Over his 
forehead, cheeks and nose pinpoint, nodular and spider angiomas were noted. 
The largest one of these was located on the left cheek, 4 cm. below a line 
drawn from the middle of the lower eyelid and^l.S cm. from the left ala nasi. 
Under the use of expectorants his cough lessened in frequency, became looser 
in character and finally left him. A Wassermann reaction was performed on 
his blood, withdrawn from a vein at his left elbow, with negative results. His 
teeth were cleaned by Dr. W. N. Butler, one of our dental surgeons, and the 
patient was discharged from the hospital in good condition on April 12, 1916. 

Family 1 (Fig. 6) (Legg, 1876). — There was a history of epistaxis in three 
generations; developmental telangiectases were noted on the patient's face and 
trunk, but there was no history of hemophilia. 
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Fig. 6. — Family 1 (Legg). 


The patient, II, 1 (Fig. 6), aged 65, gave a history of attacks of epistaxis 
since boyhood. He has also shown a tendency to bleed profusely from traumatic 
causes. His mother (I, 2) died from loss of blood and dropsy. One sister 
(II, 9) is subject to epistaxis. Of his six children a son, aged 27 (III, 1), and 
a daughter, aged 22 (III, 6), suffer from epistaxis. The patient has numerous 
small nevi over his face, forehead and various parts of his trunk which first 
appeared about his 41st year. Violent fits of anger as well as excessive drink- 
ing bring on attacks of epistaxis. When seen he had bled every day for 
six weeks. 

Family 2 (Fig. 7) (Chiari, 1887). — There was a history of epistaxis in 
four generations, with multiple telangiectases on the skin and mucous mem- 
branes, a condition diagnosed as hemophilia. 

Two sisters (III, 5 and 7) stated that their grandmother (I, 3) and her 
two brothers (I, 1 and 4) suffered from childhood with frequent and severe 
attacks of epistaxis, yet lived to ripe old ages. Their mother (II, 2) also had 
the same difficulty and died at the age of 47 from dropsy, which apparently 
developed after a long period of nosebleed. Two brothers and one sister 
(III, 1, 2 and 3) were similarly affected with these severe attacks of epistaxis, 
but the sister had apparently recovered from these attacks, except at each 
menstrual period, when the epistaxis was insignificant. The two sisters men- 
tioned above (III, 5 and 7) have bled since childhood from themose, and one 
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sometimes reaching out a foot or two, if oh the lips, or if his mouth 
was open, and stopping spontaneously in two or three minutes. Lang- 
maid speaks of his patient as suffering- for about twenty years from 
frequent epistaxis and adds that occasionally his face or tongue has 
burst, out bleeding. Legg also speaks of the bleeding from the spots 
as being frequently spontaneous in origin in his case, but generally in 
all the instances it is the result of traumatism, while the hemorrhage 
from the nose is spontaneous in its onset. 

Less severe bleeding has produced, by the resulting anemia, vertigo, 
headaches, weakness, dyspnea on exertion, palpitation and swelling of 
the ankles. In one instance- fainting was induced after a prolonged 
epistaxis, while another patient, depleted from the hemorrhages, finally 
came down with an endocarditis. The prostration from this cause pre- 
vented another from working for about three years. The onset of the 
epistaxis is generally in early childhood, but the attacks become 
more severe and prolonged as the patients advance in years, 
the period between the 35th to 38th years being the time when the 
increase is especially noted. The telangiectases seen in this condition 
are of three varieties : the pinpoint, which is most apt to be seen on the 
.skin of the hands and face, and which may be readily overlooked; the 
spider form, which is the most common and which Parkes-Weber pre- 
fers to call spider angiomas rather than spider nevi; and the nodular' 
type, which may originate in the center of a spider angioma and finally 
form a solid vascular tumor, split pea in size. They are most fre- 
quently seen on the nasal and buccal mucous membranes and on the 
mucocutaneous junction of the lips, but may be found in the other 
locations mentioned above. They begin as capillary dilatations and 
are bright red in color. Later the venules give the cutaneous telangiec- 
tases^ violaceous or purple color by participating in their formation.- 
The spots on the mucous membranes, however, always remain a bright 
red. They may be seen early in life, for Hanes has observed them in 
a boy of 8 years, but generally, if present at such an age, they are not 
especially numerous, for they do not attain their full number until 
after the age of 35. Even then they appear and disappear with marked 
frequency and seem to bear some relation to the bleeding, being less 
marked if a considerable respite from hemorrhages is observed. 
Parkes-Weber speaks of a vicious circle being established by the 
repeated attacks of bleeding giving rise to a grave condition of anemia, 
which in its turn increases the tendency to hemorrhage. 

In Parkes- Weber’s case a small patch of chorioretinitis was found 
in an examination of the fundus of the right eye by the ophthalmo- 
scope, while in Sequeira’s case the retinal vessels were thickened, but 
there were no hemorrhages. 
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Family 4 (Fig. 9) (Rendu, 1896). — There was history of severe epistaxis 
in two generations; the condition was made a distinct clinical entity by Rendu. 

II, 1, aged 52 years, had had severe daily recurring epistaxis for three weeks. 
His father (I, 1) had died of dysentery, with" repeated crises of melena, at 
the age of 55, and his mother (II, 2) was subject to recurring epistaxis. One 
brother (II, 2) had also suffered from abundant and recurring epistaxis. 
Telangiectases were noted on the skin of the face and mucous membranes of 
the mouth and tongue of the patient. They were also seen, but in less num- 
bers, over the neck and chest. 

Family 5 (Fig. 10) (Osier, 1901). — There were attacks of epistaxis from 
childhood, seven members of the family being subject to it; there were telangi- 
ectases on skin of face and mucous membranes of nose and mouth. 
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Fig. 9. — Family 4 (Rendu). 
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Fig. 10. — Family 5 (Osier f). 


II, 4 began to have attacks of epistaxis in his 10th year. They were not 
very severe, but recurred almost every day until he was 37 years old, when he 
was unable to work for nearly three years on account of the weakness and 
anemia induced by the bleeding. He was 49 years old when first seen by Osier, 
and exhibited telangiectases on the ears, nose, cheeks, lips and tongue. His 
father (I, 1) had had attacks of epistaxis, which were never dangerous but 
very frequent. His oldest sister (II, 2) had bled from childhood from the 
nose and her granddaughter (IV, 1) had had epistaxis frequently. Another 
sister (II, 9), also, had bled from the nose and mouth since childhood. His 
child (III, 3) had likewise occasionally bled from the nose, while a brother 




STEINER— HEMORRHA GICA TELANGIECTASIA 


209 


bleeding when the hair is combed. Her daughter (III, 1) bleeds from her 
nose and has red spots on her face. The patient (II, 2) finally died from an 
attack of syncope induced by severe and persistent epistaxis. 

Family 9 (Fig. 14) (Hawthorne, 1906). — There was epistaxis in three gen- 
erations, with telangiectases, a marked family history of these symptoms. 

II, 3, aged 49 years, had suffered from childhood with bleeding at the nose, 
which once required plugging of the nostrils. Her father (I, 1) and her 
sister (II, 1) had similar attacks and all had telangiectases on their faces. 
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Fig. 14. — Family 9 (Hawthorne). 


A few were also seen on the patient’s fingers (II, 3) and all of her nine 
children were subject to recurring nose bleed. 

Family 10 (Fig. 15) (Osier, 1907). — Hemorrhages occurred from nose and 
mouth of one member of tlie family from the 10th year; there were multiple 
telangiectases on the skin of his face, ears and lips. A similar condition was 
observed in three generations. 

The patient, III, 1, aged 53 years, is a physician, whose grandfather (I, 1), 
father (II, 1) and one sister (III, 3) had red spots on their faces. His son 
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Family 26 (Figs. 1, 2 and 3, Steiner 1, 1916) .—Recurring hemorrhages 
occurred in five generations and twenty-one members of one family telangi- 
ectases were observed in five of them. 

— Gj» ^, gec * years (Hospital No. 66S59), was admitted to the Hartford 
Hospital Feb. 23, 1913, complaining of weakness, shortness of breath and 
frequent nosebleed (Fig. 3, III,. 4). 

Family History: The patient's grandfather (Fig. 3, I, 1) was a bleeder, 
as well as his father (II, 1) and one aunt (II, 6) all of whom are now dead. 
Of the aunt's family of ten children, two sons (III, 12 and 14) and two 
daughters (III, 22 and 24) are bleeders. One of the daughters (III, 22, Figs. 
1 and 3) has a girl (IV, 18) who is also a bleeder, and one son (III, 12) has 
two daughters (IV, 10 and 12) and a son (IV, 17) who bleed likewise. One 
of these daughters, both of whom are married, has a daughter (V, 6) who 
bleeds from the nose. The histories of III, 22 and IV, 12 (Figs. 1, 2 and 3) 
will be given later. Another aunt (II, 8) has two sons (III, 29 and 30) who 
are subject to epistaxis, and an uncle (II, 3) has likewise two sons (III, 6 
and 7) who suffer from the same difficulty. The patient (III, 4) has three 
sons and a daughter (IV, 1, 2, 3 and 4) who are similarly affected. 

Present Illness : The patient was in excellent health until he was 14 years 
old, when he began to suffer from frequent attacks of epistaxis, which were 
exceedingly difficult to control. They recurred weekly or at more frequent 
intervals. When he was 16 years old, he had a slight hemorrhage from a small 
red spot on his face, which was readily checked. Three years later he entered 
the Prussian army and suffered frequently from the symptoms mentioned above, 
although the amount of blood lost was never very great. There was never 
any additional hemorrhage noted from his mouth or rectum, and his urine 
never contained blood. He remained in a stationary condition during the 
four years he served in the army and in this period was observed by army 
physicians and others who told him the bleeding could not be checked. At 
the expiration of his army service he emigrated to the United \ States, where 
he was frequently in very straightened circumstances. Occasionally he found 
employment in the Hartford coal yards. After two years he returned to 
Germany again, where he labored successfully for thirteen, years as a grocer 
and lumberman. Then meeting reverses, he came to this country again, four 
years ago, and has since worked as a pedler. During all this time . he has 
had frequent attacks of epistaxis and has gradually grown weaker. For the 
past year dyspnea on exertion as well as palpitation have been troublesome 
symptoms. The hemorrhages generally occur in the mornings and of late have 
been observed daily. His appetite has been good. There have been no digestive 
disturbances. His bowels have been constipated, but have recently been moved 
daily by medication. Of late years he has suffered from hemorrhoids, which 
occasionally bleed somewhat. He had measles when he was a child. He denies 
venereal disease. He has been a moderate smoker and drinker. 

Physical Examination: The patient was a well-nourished, well-developed 
Jew. The lungs were negative on examination, but the heart, which was not 
enlarged, revealed a soft systolic murmur at the apex, which was not trans- 
mitted outward, but was heard with increasing intensity on passing upward, 
being loudest at the base, in the pulmonic area, where the second sound was 
slightly accentuated. Over both cheeks, on either side of the nose, numerous 
angiomas are seen, varying in size from pinpoint to one which measures 3 by 
4 mm. in size, located 20 mm. below a midline drawn perpendicularly from the 
left lower eyelid. Two pinhead angiomas are also seen on the nose, and on 
the mucous membrane of the lower lip ten more are noted from pinpoint to 
pinhead in size. On the tip of the tongue, two are also_ observed, the larger 
measuring 2 by 2 mm., while the smaller resembles a pinhead. Back of the 
wisdom tooth, on the right lower jaw, there is also one of a similar size, as we 
as on the buccal mucous membranes and on the posterior aspect of the tongue. 
Two small ones are likewise seen on the anterior aspect of the helix of the 
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anterior surface of the epiglottis and on the fingers and under the finger 
nails. All are punctiform save one on the right cheek, which is of the spider 
nevus type. Her mother (I, 2) was subject to attacks of epistaxis and had 
one or two spots on her face. By her first marriage, she had a son, whose 
boy (IV, 1), aged 9, suffers from epistaxis. By her second marriage she has 
three sons (III, 3, 5 and 13) and one daughter (III, 10) who suffer likewise 
from epistaxis and two of these sons (III, 3 and 5) have multiple angiomas 
of the skin and mucous membranes. The oldest son (III, 3) is married and 
has a boy (IV, 9) who is subject to attacks of epistaxis. 
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Fig. 17. — Family 12 (Phillips). 


Family 12 (Fig. 17) (Phillips, 1908). — Recurring hemorrhages from the 
nose and mouth occurred in this family in three generations; there were mul- 
tiple telangiectases of the nose, tongue and buccal mucous membrane. 

The patient, II, 3, aged 56 years, was subject to bleeding from childhood 
from the mouth and more recently from the nose. Her father (I, 1) suffers 
from violent epistaxis and bleeding from the tongue, while a sister (II, 1) 
died from hemorrhage of the gums. The patient (II, 3) has a daughter who 
has telangiectases on her tongue and recently has had attacks of epistaxis. The 
patient exhibits telangiectases on the mucous membranes of the tongue and 
nose, as well as on the buccal mucous membranes. 


/\ 

T t f 

1 2 . 

Fig. 18. — Family 13 (Waggett). 


Family 13 (Fig. 18) (\Vaggett, 1908). — There was severe epistaxis in brother 
and sister; multiple telangiectases of the skin of the face and the mucous mem- 
branes of the nose and mouth. 

The patient, I, 1, aged 53 years, has had hemorrhage from the nose fre- 
quently since his 20th year. He has likewise had hemorrhages from telangi- 
ectases on his face and lips. These telangiectases are also seen on the mucous 
membranes of his tongue and nose. His sister (I, 2) has the same symptoms. 
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which is not transmitted outward and was heard with increasing intensity on 

passing upward, being loudest at the pulmonic area. There was f soft sySoHc 
murmur in the vessels of the neck. systolic 

Blood examination showed red blood corpuscles, 4,304,000; leukocytes 7 750- 
emoglobin (Dare), 55 per cent.; blood platelets (Pratt’s method) 204 788 • 

Sn 8 ) 1 T 011 i Ume (Blffi ' Broo s k 'f method), two minutes. Differential ’count of 
500 leukocytes gave polymorphonuclears, 61.8 per cent.; lymphocytes, 26 per 
cent., large mononuclears and transitionals, 9 per cent.; eosinophils, 2 Jer 
cent., and mast cells, 0.4 per cent. There were no myeloblasts, no normoblasts' 
or megaloblasts, no poikilocytosis, and but slight anisocytosis. 

Subsequently the bleeding increased in severity and frequency so that the 
patient has occasionally been much prostrated by the secondary anemia thus 
induced, lhe use of rest, iron and arsenic has been of little avail. 
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Fig. 3. — Family 26, Steiner 1. The heavily shaded characters in this and 
all succeeding figures indicate the members of the family affected, while the 
Roman numerals at the margin indicate the successive generations. 


Mrs. D. E., aged 25 years (Figs. 2 and 3, IV, 12), was first seen by me at my 
office on April 26, 1909, complaining of bleeding from the nose. The family his- 
tory is given in the recital of the history of the first case. The past history shows 
influenza every winter ever since she can remember. She had brain fever when 
very young and measles when she was a child. Her menses began. at 14 and 
were regular every twenty-eight days until five or six years ago, since which 
time they have come a few days more frequently. She has much pain during 
the first two days. 

Present Illness: Nine years ago she first began to bleed from the nose. 
The hemorrhages have come on since then five or six times a day, sometimes 
once a week or more rarely once a month, occasionally there is a two or three 
month interval. A little worry or excitement will generally bring on an attack, 
which frequently lasts five or ten minutes. She has never used anything to 
check the hemorrhages except cold water. Last summer she first began to 
bleed from the tongue and has bled thus about five times in all. 

Physical Examination: The patient was a well-nourished, well-built woman. 
Tht> lips and mucous membranes were of good color. Over the cheeks, c nn, 
•mucNous membrane of the lower lip and the tongue were telangiectases varying 
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Family 16 (Fig. 21) (Hanes, 1908). — There were recurring hemorrhages in 
lour generations of one family, and multiple telangiectases of skin and mucous 
membranes, but no symptoms of hemophilia. 

The patient, II, 4, aged 53 years, had been subject to epistaxis from child- 
hood. Generally her nose bleeds once or twice a week and sometimes every 
day. Since her 37th year the epistaxis has increased in severity, as well as 
the telangiectatic spots on her face, lips and tongue. Some are also seen on the 

ears, the hard palate and the gums of the lower jaw, as well as on the nasal 

mucous membranes. On the pads of the fingers and under the nails many 

small purple spots are visible. The conjunctiva of the right lower lid exhibits 

one of bright red hue. Her mother (I, 2), who died at 48 from heart disease 
with dropsy and cough, had suffered all her life with severe epistaxis. Her 
brothers (II, 1 and 2) were also troubled all their lives with a similar severe 
epistaxis and both showed red spots on their face and lips. One son (III, 1) 
has been greatly troubled from severe hemorrhages from telangiectases, which 
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Fig. 21. — Family 16 (Hanes 1). 


are numerous on his ' lips and tongue. Frequently he injures one of these labial 
or lingual telangiectases while eating, so that blood will spurt from the injured 
spot and render further progress with the meal impossible. Profuse hemor- 
rhages from two telangiectases under the nail of the left middle finger have 
interfered greatly with his occupation as a fireman. Occasionally he has 
attacks of epistaxis. In every instance the , hemorrhages result from slight 
traumatism. The other son (III, 3) had spots on his lips and face and had 
bled easily from his nose all his life. Her grandson (IV, 1), a son of III, 3, 
has two small red telangiectases at the mucocutaneous junction, but has never 
bled from the nose. Her daughter (III, 2), on the other hand, has frequently 
bled from the nose most profusely and presents on her face small pinpoint 
telangiectases. Several of a violaceous hue are seen on the lower lip and one 
bright red in color is noted on the dorsum of the tongue. The mucous mem- 
branes of the nose and the pads of the fingers and under the nails are other 
locations where these spots are found. 

Family 17 (Fig. 22) (Hanes, 1908). — There was epistaxis in four sisters 
and multiple telangiectases affecting chiefly the mucous membranes, but no 
symptoms of hemophilia. 
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hands and feet were telangiectases, mostly of the nodular type, pinhead in 
size, but some were of the spider variety. Some were also seen under the 
nails of the middle and index fingers and thumb of the left hand. The lungs 
were negative. The heart was not enlarged, but revealed a presystolic thrill 
an( L r ! lurni , ur , at ^ le a P ex > sharply localized. A systolic murmur was also here 
audible, which could be heard outward to the anterior axillary line. and upward 
to the base, but in both directions with decreasing intensity. The pulmonic 
second was accentuated. 

Blood examination showed red blood corpuscles 2,560,000; white blood cor- 
puscles 5,200 ; hemoglobin (Dare) 55 per cent.; coagulation time four and a 
half minutes. Differential count showed polymorphonuclears, 69 per cent.; 
lymphocytes, 15 per cent.; large mononuclears and transitionals, 24 per cent., 
and eosinophils, 2 per cent. There were no myeloblasts and but one normoblast 
seen. There was marked anisocytosis and moderate poikilocytosis. 

The patient refused to have the bleeding points in her nose cauterized. Her 
treatment consisted in the use of rest and iron. After a week’s sojourn in 
the hospital, she left on March 24 to set sail for Sweden from New York 
on the following day. 
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Fig. 5. — Family 28, Steiner 3. The character with the arrow stem both at 
the top and bottom of the circle in this family tree and in succeeding figures 
indicates that the sex is not stated. 


Family 28 (Fig. 5) (Steiner 3).— There was a history of epistaxis and 
telangiectases in the family for three generations. 

C. L„ aged 62 (Hospital No. 86348), was admitted to the Hartford Hospital 
on my medical service March IS, 1916, complaining of a cough (Fig. 5, II, 3). 

Family History: His father (I, 1) who died at 92, had telangiectases and 
nasal hemorrhages, but further history about him was not obtainable. A brother 
(II, 1) had a similar condition, as well as his brother’s son (III, 1). Of the 
patient’s six children, a daughter (III, 7) suffers from occasional attacks of 

epistaxis • 

Past History: The patient had always enjoyed good health. A few weeks 
before he entered the hospital, he had a slight operation on his tongue tor 
what he says was a cancer. He had bled from the nose occasionally since 
boyhood, but recently the attacks had lessened in severity and frequency. 

Present History : Four weeks ago he contracted a bronchitis and has coughed 
considerably ever since. With the cough he expectorates a little clear tenacious 
sputum. There are no other symptoms. 
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arm. There was no history of epistaxis in this instance. Her sister (II, 4) 
had similar spots on her ears, nape of neck and arm, but no epistaxis. Her 
elder brother (II, 1) had no telangiectases, but had spat up blood for about 
a year from varicosities of the pharynx, while her younger brother (II, 5) 
had some spots on his chest and back, but no hemorrhages. Her eldest daughter 
(III, 1) showed some telangiectases on her face and body, and had been 
subject to repeated epistaxis. Another daughter (III, 2) showed spots on 
the dorsal aspect of the forearm, the neck and trunk, while the third daughter 
(III, 3) presented spots on her face, neck, breast and back. 
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Fig. 24. — Family 19 (Langmead). 
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Fig. 25. — Family 20 (Audry). 


Family 19 (Fig. 24) (Langmead. 1909). — Telangiectases were noted in eight 
members of a family for three generations, epistaxis being observed in eleven 
instances. 

The patient, II, 1, aged 68 years, was subject for about twenty years to 
frequent epistaxis. Occasionally telangiectases on his face and tongue have 
burst out bleeding. The telangiectases are seen on his face, lower lip, tip of 
tongue, palate and a few on the neck, chest and back. His father (I, 1) was 
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of them once bled for a long time from the gums. Both of them have telangi- 
ectases on their faces and the upper part of their bodies. These are also seen 
on the mucous membranes of ,their noses, tongues and lips. Ill, 5 had four 
children, the youngest of whom, aged 4, bleeds from the nose. Ill, 7 had a 
son, aged 6, who has had epistaxis for four years. 

Family 3 (Fig. 8) (Chiari, 1887). — There was history of severe epistaxis 
in three generations, with multiple telangiectases on the skin and mucous 
membranes. 
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-Family 2 (Chiari 1). 
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Fig. 8. — Family 3 (Chiari 2). The patient III, 1 died from severe epistaxis. 


II, 3 had suffered from childhood with severe attacks 
bout 30 years old when first seen by Chiai;i and exhibit s} ie g state d that 

he skin 'and mucous membranes of the nose, tongue and 1 p . u 

r father (I 2) and her paternal aunt (I, 1) had had the same trouble Her 

£er(£ 2 ) was Hkewise affected, as well as. her 

2 and 3). One of them had died some years previously from a severe 

losebleed. ~ 
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The patient, II, 2, aged 32 years, has had bleeding from the tongue and nose 
during the past nine years. Telangiectases were seen on the nasal mucous 
membranes, tongue, face and arms. Her mother (I, 2) has had frequent attacks 
of epistaxis since early childhood and two of her brothers (II, 3 and 4) have 
had a similar history. 

Family 23 (Fig. 28) (Sequeira, 1913). — Epistaxis and telangiectases were 
observed twice in two generations. 

The patient, I, 2, aged 55 years, has noted red spots appearing on her face 
and fingers during the past five or six years. Occasionally she has had 
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Fig. 28. — Family 23 (Sequeira). 
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Fig. 29. — Family 24 (Gjessing). 


hemorrhages from these spots. Telangiectases were also found on the tongue, 
mucous membrane of the lower lip, hard palate, uvula and the lower internal 
surface of the left labium majus. She had had also slight bleeding from the 
nose. One daughter (II, 6) gave a history of occasional attacks of epistaxis. 

Family 24 (Fig. 29) (Gjessing, 1915). — Epistaxis and telangiectases were 
observed for four generations, one member being affected also with endo- 
carditis and hemorrhagic retinitis. 

The patient, III, 1, 51 years of age, has had severe epistaxis from child- 
hood, which lately has increased in frequency and violence. In his late twen- 
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(II, 6) gave a history of epistaxis from childhood with telangiectases of the 
skin and mucous membranes which bled at times. This last patient finally 
died of cancer of the stomach, as revealed by necropsy. y 

F AMttY 6 (Fte. 11) (Osier, 1901).— Recurring epistaxis had occurred in the 
members of the family from the 10th year; there, were multiple telangiectases 
of the skin and mucous membranes of the nose and mouth, and telangiectases 
but no epistaxis in the next generation. 

Patient I, 1, aged 49 years, had had epistaxis from his 10th year, varying 
greatly in severity. From his 18th to his 21st year he was much better, but 
then the attacks came on again with increased severity. When a boy he’ first 
noted the telangiectases, which have increased during the past seven or eight 
years and are situated, on his ears, forehead, cheeks, lips, back, chest, abdomen 
and hands. One of his sons showed vascular nevi (II, 1). 
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Fig. 11. — Family 6 (Osier 2). 


- Family 7 (Fig. 12) (Josserand, 1902). — Telangiectases and epistaxis were 
observed in four members of the family during two generations. • 

Patient II, 1, aged 56 years, had suffered from epistaxis from childhood. 
Of late years she had had hemorrhages also from the lips, gums and tongue. 
Telangiectases were observed on her cheeks, lips, tongue and palate and less 
markedly on her neck, breast, back and arms. Her father (I, 1) and one 
brother (II, 2) had suffered from recurrent epistaxis from early childhood, 
while another brother (II, 3), in addition to this symptom, presented facial 
telangiectases. 

i / , 2 d 

A 

If i i 

/ 2 . 

Fig. 12.— Family 7 (Josserand). 




Family 8 (Fig. 13) (Brown-ICelly, 1906) .-There was severe recurring epi- 
staxis with multiple telangiectases of the skin and mucous membranes m the 
family for three generations; death of one member occurred from syncope 

“ «—d h o l7 er, 

epistaxis. Her father (I, 1) had died at 62 years of ag ^7 f ^ n e f requent 
frequent attacks of epistaxis. A sister (II, 3) has 

hemorrhages from her lips, mouth and nose, and tasM tcbw*wg 
on the skin of her face and hands, and the mucous membranes ° f rise to 

mouth A few have lately developed on the scalp and occasionally give 
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spontaneously from the spots on his nose. During the last five or six months 
he has bled somewhat from. his gums. Two or three years ago he also had 
occasional bleeding from the rectum. For many years he has had telangiectases 
on his face. They were also noted on his ears, cheeks, sides of nose, lips, 
dorsum of tongue, hard palate and buccal mucous membranes, back and 
shoulders. His son (IV, 1) has had attacks of epistaxis as long as he could 
remember, but during the last two years they have become more infrequent. 
Some telangiectases were noted on his right cheek, the tip of his tongue, the 
mucous membranes of his lips and on his right shoulder. There was a 
definite history of nose bleeding in other members of the family (I, 2, II, 3 
and -4, III, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13): 

CONCLUSIONS 

From a consideration of the histories of these three families affected 
with hemorrhagic telangiectasis and those previously recorded we may 
conclude that heredity is the only important etiologic factor as yet 
discovered and that both sexes are equally affected and equally capable 
of transmitting the disease. Microscopically a developmental defect 
has been found in the dilated capillaries, as the elastic and muscle fibers 
appear to be wanting. The capillaries, consequently, are very liable to 
produce hemorrhages by their rupture, which is induced either sponta- 
neously or by traumatism. The hemorrhages from the nose are gener- 
ally seen early in life, while the telangiectases are a later development. 
The cautery in most instances offers the best results in the treatment 
of the bleeding telangiectases. 
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the archives of interval medicine 


(IV, 1) is subject to attacks of epistaxis »h,Vh w u 
, profuse. Ill, 1 has bled with great orofusene^ . b . een fre ^ent but not 
telangiectases on his head, face ears arm S f 0m hls nose and from the 
Family U (Fig. 16) ? m * L 

recurring epistaxis in four generations’' f T y a history of 

four of the eight members affected S i £g£2 “h 5 "™* “ 
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Fig. IS. — Family 10 (Osier 3). 
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Fig. 16. — Family 11 (Parkes-Weber). The daughter, III, 10 suffered 
with epistaxis only. The son, III, 12, aged 3 years, died of "brain trouble.” 


The patient, II, 2, aged 60 years, first noted telangiectases on her face when 
she was 42 years old. Recurrent attacks of epistaxis had begun a few years 
earlier. During the last few years they have come on every two or three weeks 
and are more severe than formerly. The telangiectases are located on her 
face, ears, lips, tongue, mucous membranes of her mouth and nose and the 
conjunctival surface of the four eyelids. They are also observed on t le 



ROBINSON— SECRETIONS AT PYLORUS 


221 


siphoning or by the gravity method. The secretions came at irregular 
intervals. Here the chance of accidental hemorrhage is ruled out. 
The amount of secretion present at any given time in the stomach and 
the time it left the stomach cannot be accurately determined. 

Third, in this method the tube was connected to a Wolff bottle. 
Small test tubes were hung by a thread in the bottle under the cork. 
Then a vacuum was made in the bottle by a Potain pump, and the 
contents of the stomach or duodenum were aspirated. When the test 
tube became full it was replaced by another, or the secretions were 
collected in the bottle. In this method uniform suction is obtained, all 
the secretion may be aspirated and measured at any given time and 
individual specimens at varying periods may be obtained with ease. 

In obtaining the secretions with the duodenal tube the following 
sources of error must be considered: The stimulation of the tube 
in the mouth, together with some nausea, stimulates the flow of saliva, 
which, if swallowed, being alkaline, will decrease and often completely 
neutralize the free hydrochloric acid. Then, too, strong suction draws 
the mucosa against the openings and bursts capillaries, which will give 
a positive guaiac test and often microscopic blood is seen. 

The average gastric secretion of the fasting stomach was found to 
be a clear, opalescent fluid. About 10 c.c. could be aspirated every ten 
minutes. A small amount of mucus was invariably present. In the 
same individual the acidity of the fasting stomach was found to be 
about one half that of the acidity after an Ewald test meal. Micro- 
scopic examination showed small shreds of mucus. A few white blood 
cells, usually clumped in mucus, were found, and some degenerated, 
squamous epithelium and bacteria of varying types. 

The normal duodenal secretion is of a clear amber color. About 
15 c.c. can usually be aspirated and then about 10 c.c. every ten min- 
utes. There is no free hydrochloric acid present, the total acidity being 
about 5 per cent, lower than that of the gastric secretions. It remains 
of an amber color for several days, gradually changing to green as 
the bilirubin becomes oxidized to biliverdin. Microscopic examination 
shows fewer white blood cells, epithelium and bacteria. A large 
diplococcus was the commonest type seen. 

When free hydrochloric acid is present, the bile pigments are pre- 
cipitated. Instead of a clear, amber fluid, it is of a cloudy yellow, 
and a sediment settles on standing. It becomes green very rapidly, 
depending on the amount of free hydrochloric acid. Microscopically 
a fine yellow sediment is seen, which resembles amorphous urates. On 
neutralizing the free hydrochloric acid with sodium hydroxid the fluid 
becomes of a clear amber color. 

The secretory function was determined in most cases by giving the 
patients an Ewald test meal. The Rehfuss tube was then passed and 
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Family 14 (Fig. 19) (Ballantyne, 1908).— This was a family of eight Hol- 
landers who presented telangiectases in five of the six members examined. 

The mother (I, 2) of a family of six children exhibited telangiectases on 
the conjunctiva of the right upper lid, the cheeks, the nose and the lips but 
gave no history of hemorrhages from any of them. Her only daughter (II 2) 
showed similar spots in almost similar locations, but has one also under ’the 
nail of the fourth finger of her right hand. She has bled from the nose rather 
frequently. A brother, II, 3, had no spots, but was subject to attacks of epi- 
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Fig. 19. — Family 14 (Ballantyne). 


staxis. Another brother, II, 4, had a few telangiectases on the tip of his nose, 
inner surface of his lower lip and the tip of his tongue. The brothers, II, 

S and 6 showed small elevated red spots about the tip of the tongue as 
II, 4 did. 

Family 15 (Fig. 20) (Gottheil, 1908). — There were telangiectases in two 
generations; epistaxis in three. 

The patient, II, 5, aged 40 years, has bled periodically and spontaneously • 
from his nose, tongue and lips as long as he can remember. The hemorrhages 
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Fig. 20. — Family 15 (Gottheil). 


vary in frequency from several in one day to one a week, but recently' they 

have come on more often. His mother (I, 2) had spots on her bps and wa 

said to have died from hemorrhages twenty-seven years ago His brother 

(II, 1, 3 and 4) have also had hemorrhages from the nose as has ajso one 

sister (II, 10). None of them have had telangiectases. Two of his child e 
(III, 10 and 11) have bled from the nose also. 
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Fig. 1. — Acidity curves for cases of gastric neurosis. The solid lines indi- 
cate the average acidity of the secretions of the fasting stomach in forty 
cases. The dash line indicates the acidity of the secretions following an 
Ewald meal. The upper curves in each instance indicate the total acidity; 
the lower, the free hydrochloric acid. 



Fig. 2, — Acidity curves in four cases of gastric neurosis with chronic con- 
stipation, the upper two (Cases 77 and 98) being of the secretions of the 
fasting stomach, the lower two (Cases 34 and 58) of the secretions of the 
stomach after an Ewald meal. The upper curve in each of the four cases 
indicates the total acidity; the lower, the free hydrochloric acid. 
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The patient, II, 4, aged 46 years, had suffered extremely throughout child- 
hood and youth from severe epistaxis, which frequently necessitated plugging 
of the nostras. . She also presented telangiectases under the eyes, at the bases 
of the alae nasi, on the conjunctivae, both lips, tip of the tongue, hard and 
soft palate, and nasal mucous membrane. She later developed an endocarditis. 
Her father (I, 1) had suffered from youth with recurring epistaxis, which 
came on daily during the later years of his life. One sister (II, 7), who 
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Fig. 22. — Family 17 (Hanes 2). 


died at the age of 27, during childbirth, had bled profusely and frequently from 
the nose. Another sister (II, 8) had bled almost daily as far back as she 
could remember. She also presented definite telangiectases on her left cheek, 
lips, tip of tongue and nasal mucous membrane. Another sister (II, 9) bleeds 
two or three times weekly from the nose, but never very severely. She has 
a few telangiectases on the lips, tip of the tongue and nasal mucous membrane. 
Her two brothers (II, 5 and 6) are practically free from the disease, but 
bleed readily from the nose during a cold or after traumatism. 



Fig. 23.— Family 18 (Laffont). 


Family 18 (Fig. 23) (Laffont, 1909) .-A marked family Jlisto ^ o f t f an | 1 ‘ 
ectasis, with a history of epistaxis. in three out of the eight affected in t 

thf The ' patient, II, 3, aged 48 years, noted eight years previously that telangi- 
ectases were appearing on the periphery of the scalp, the e |£ ^ Object 

and the back. Some had disappeared spontaneously. She had been subject 

since puberty to repeated attacks of epistaxis. Her mot > • ' , j 

toward her 62d year, small telangiectases appear on her ear, neck, chest a 
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bacterial flora in all specimens examined. The Wolff-Junghan’s test 
was done in only the last three cases. It was positive in two cases of 
gastric carcinoma, and only faintly positive in a case of carcinoma of 
the splenic flexure of the colon. 

The case of carcinoma of the pylorus had a very atypical clinical course. 
The patient was a Jew, aged 45. He entered the hospital April 9, 1915, com- 
plaining of pain between meals, eructation of gas and a bitter fluid. House 
meal, removed in three hours, showed 200 c.c. of a greenish, sour-smelling 
liquid, with free hydrochloric acid 40, total acidity 100. The benzidin test 



Fig. 3. — Acidity curves in cases of carcinoma of the stomach (Cases 120. 

49, 83 and 68). In Case 120 each of the two dash lines indicates the acidity 
of the secretions following an Ewald meal. The solid lines in the other three 
cases indicate the acidity of the secretions of the fasting stomach. The 
upper curve of the four cases indicates the total acidity; the lower the 
free hydrochloric acid. 

was positive. A carbohydrate test meal (Ewald) was given, and 30 c.c. were 
removed in one hour. There was free hydrochloric acid 30, with total acidity 

50. No treatment was given the patient here. He had no discomfort until 
Oct. 1, 1915, when he began again to have pain after eating, and he became 
constipated. Oct. 17, 1915, he had a sharp pain in the epigastrium, followed 
by a sensation of weakness. He came to the hospital Oct. 18, 1915. The right 
side of his epigastrium was tender and rigid. A house meal was given and 
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affected with epistaxis and telangiectasis, but his mother (I, 2) had eni- 
staxis only. His three brothers (II, 3, 4 and 5) were subjects of .epistaxis 
and telangiectasis, as was also one sister (II, 7). One son (III 1) has 
nevoid patches and epistaxis, while the other (III, 2) has epistaxis only. A 
niece (III, 3) has similar patches and recurring epistaxis. 

Family 20 (Fig. 25) (Audry, 1911). — Epistaxis and telangiectases were 
noted in four generations. 

The patient, III, 1, aged 70 years, had had attacks of epistaxis for many 
years, but lately they had increased greatly in frequency. Numerous telangi- 
ectases were seen on his face, lips, tongue and palate, and more sparsely on 
his trunk and upper extremity. His mother (II, 2) had epistaxis and telangi- 
ectases, as had also a great uncle and a great aunt. Five of the patient’s 
brothers and sisters were similarly affected, as well as his two sons. Several 
nephews and nieces also had the same condition. 
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Fig. 26. — Family 21 (Osier 4). 
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Fig. 27.— Family 22 (Van Wagenen). 

Family 21 (Fig. 26) (Osier, 1911).— Telangiectases were observed in two 
members of a family for two generations. Clir _ 

The patient, II, 1, aged 35 years, had suffered from . ch ‘ Idl ' ood £ro ™J eC h U ad 
ring epistaxis. She also had shown later some tdangiectases, but they had 
increased considerably during the last six years. They were sxtua ted 1 on tl e 
nasal mucous membranes, the tongue and the lips. One _wa seen and 

the nail of the left index finger. Her father (I, 1) had suffer ed tor many 
years from severe recurring epistaxis and his- face was covered with tela g 

za <■» c o c , 

Family 22 (Fig. 27) (Van Wagenen, 1912).— Epistaxis and telangiectases 
«r« observed in four members of a family during three generations. 
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March, 1916. He then began to belch gas and experience heartburn. There 
was no pain, tenderness or vomiting. This became progressively worse, so 
he came to the hospital again March 29, 1916. Examination showed the 
stomach to be dilated. There was visible peristalsis, and a firm, movable mass 
' was palpable to the right of the umbilicus. A duodenal tube was passed on 
a twenty-hour fasting stomach. Food particles were present. The duodenum 
was not entered. The acidity curve is plotted in Figure 3 (Case 120). The 
Roentgen ray showed obstruction at the pylorus, ptosis of the stomach and 
very little peristalsis. The patient was again put on the Sippy treatment, to 
see whether the retention was due to an organic obstruction or to irritation 
of the mucosa at the pylorus. In two weeks the Roentgen ray showed as 
much retention. Six hundred c.c. were removed three hours after a house 
meal, with free hydrochloric acid 60, total acidity 100. He was transferred 



Fig. S. — Average acidity in sixteen cases of gastric ulcer, the solid lines 
indicating the acidity of the secretions of the fasting stomach; the dash lines, 
the acidity after an Ewald meal. The upper curve in each case indicates total 
acidity; the lower, the free hydrochloric acid. 

to the surgical service. Operation revealed a hard mass at the pylorus, and 
the surrounding lymph glands were hard ; section of one showed a carciitoma 
simplex. The interesting features here are the typical signs and symptoms of 
a gastric ulcer, followed by retention, the presence of carcinoma four months 
later with a metastasis into the lymph glands and hyperacidity. A posterior 
gastro-enterostomy was done. The mass at the pylorus will be removed at 
a later date by Dr. Crile, so sections of the mass have not been seen. 

The question arises: Did the patient have a gastric ulcer and the 
carcinoma develop in the past four months, or were the symptoms all 
due to carcinoma? This cannot be answered. 




218 


THE ARCHIVES OF INTERNAL MEDICINE 


ties telangiectases began to develop on bis face and the mucous membranes 
of his mouth. They are now also seen on the ears, under the chin and on 
the neck, as well as on the nose, the tip and base of the tongue, the hard 
palate and the lower right eyelid. On the left arm two small ones are also 
noted others under two finger nails and still others on the dorsal and volar 
aspects of the fingers. Besides the hemorrhages coming from the nose, 
bleeding has been observed from spots on his cheeks, tongue and eyelid His 
maternal grandfather (I, 3)_ and the latter's two brothers (I, 1 and 2) had 
suffered from^ severe epistaxis, but it was not known whether they had facial 
angiomas. His two children (IV, 1 and 2) have suffered since childhood from 
severe epistaxis. The son (IV, 1) has telangiectases oil his face, nasal mucous 
membranes, tongue, and hard palate. He is affected with a disease of the 
heart and has hemorrhagic retinitis. He has become so anemic from the hem- 
orrhages that his hemoglobin lias fallen to 25 (Tallqvist). The daughter 
(IV, 2) has a few small angiomas on her cheeks, which have appeared during 
the last two years. 
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Fig. 30.-r-Family 25 (Hutchison and Oliver). Patients III, 5 to 13, inclusive, 
suffered with epistaxis only. 

Family 25 (Fig. .30) (Hutchison and Oliver, 1916). — There was a history 
of epistaxis in four generations, with telangiectases observed in three generations. 

The patient, III, 1, aged 48, had had attacks of epistaxis for as long as 
he could remember, but during the last two years they had become more 
severe, especially in the morning. Telangiectases appeared first eight years ago 
and gradually increased in number. They were situated on the ears, cheeks, 
nose, lips, buccal mucous membranes, hard palate, tip and under , surface of 
the tongue, the posterior pharyngeal wall, the soft palate, the uvula and the 
right hand. Spontaneous bleeding had occurred from those on the lips, and 
this was sometimes preceded by a feeling of soreness. He had also bled occa- 
sionally from the ears, about the fossa of the helix and from the corner of the 
right eye, as well as from the gums and the inside of the mouth. From the 
last situation the hemorrhages appeared especially after very hot drinks. 
a year ago he bled from the rectum, on straining. His Wassermann reaction 
As negative. His father (II, 1) had had fretjaent sponBneoas attechs 
epistaxis from childhood and for the last six years has bled occasionally and 
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with practically no pain preceding it, and a history of syphilis in the husband, 
the possibility of the obstruction being due to a gumma was considered, although 
the Wassermann reaction on the blood was negative. She was given anti- 
syphilitic treatment and put on a soft diet. She gained 18 pounds in twenty- 
two days. The peristalsis became less, the stomach showed less retention, and 
the patient was more comfortable. On Jan. 9, 1916, she vomited, felt very 
weak and had several black, tarry stools. The hemorrhage continued until 
Jan. 11, 1916. Her hemoglobin was then 40.1, red blood cells 1,424,500. She 
was transfused with blood, and a laparotomy was done. A large ulcer was 
found at the pylorus. Sutures were passed through the mass to stop bleed- 
ing and a posterior gastro-enterostomy done. The patient recovered. 

In one other case there was a severe hemorrhage. The hemoglobin 
was 40, red blood cells 800,000. She was transfused and then given 
the Sippy diet without alkalies, there being a hypoacidity. This patient 
is gaining in weight and has no gastric distress. Operation will not 
be recommended. The Wolft'-Junghan test is negative. 

Three of the patients with gastric ulcer came in for diagnosis. No 
treatment was given them here. 

The other cases, twelve in number, were given modifications of 
the Sippy routine. In most cases there was relief from nausea, vomit- 
ing and pain on the second day. About the second week their appe- 
tite returned. The majority gained in weight. In comparison with 
the Lenhardtz routine, the patients on the Sippy routine got relief 
quicker, and gained more in weight and strength. The routine fol- 
lowed is given in Table 2. 


TABLE 2. — Diet in the Modified Sippy Treatment * 


Days 

Milk and Cream, 
Ounces of Each, 

0 a.m. to 8 p.m. 

Soft Eggs 

Cereal and 
, Sugar, 
Ounces 

Cream 

Soups, 

Ounces 

Jellies, 

Ounces 

Stewed 

Fruit, 

Ounces 

Toast 

A. M. 

P. M. 

1 

Vz per hr. 








2 

1 per hr. 








3 

lVz per hr. • 








I 

1% per hr. 

1 

1 





■ 

5 

V/z per hr. 

2 

2 






6 * 

V/> per hr. 

2 

2 

3 noon 


' 



7 

1 % per hr. 

2 

o 

3 twice a day 





7 to 11 

V/2 every 2 hr. 

o 

2 

3 twice a d„y 

3 




11 to 21 

V/z every 2 hr. 

2 

2 

3 twice u day 

3 

3 

o 


21 to 2S 

1 g> every 2 hr. 

o 

2 

3 twice a day 

3 

3 

3 

Twice a day 


Before discharging the patients, they were given a liberal diet, with 
no alkalies. A test meal was then obtained. If they had a return 
of their gastric symptoms, or if the gastric analysis showed a hyper- 
acidity, they were advised to continue taking alkalies and a suitable 
diet was suggested. 



A CLINICAL STUDY OF THE SECRETIONS ON THE 
PROXIMAL AND DISTAL SIDES OF 
THE PYLORUS* 

A. S. ROBINSON, M.D. 

CLEVELAND 

I he secretions on the proximal and distal sides of the pylorus have 
been studied in 125 patients entering Lakeside Hospital during the 
past year, complaining of various gastro-intestinal disturbances. The 
secretions were obtained on a fasting stomach in all cases and in many 
of the cases the secretory and motor function of the stomach was also 
determined. 

The Einhorn and Rehfuss tubes were used. The Rehfuss tip, 
being oval, with slits on the side, and relatively large, when passing 
through the pylorus, became plugged by the walls of the pylorus and 
no secretion could be aspirated during this time. To remedy this a 
small opening was made in the end. 

The tube was passed, as a rule, on a fifteen-hour fasting stomach. 
The tip was introduced into the mouth when the patient was lying 
down. The patient then swallowed and as soon as the tip passed into 
the esophagus he assumed the sitting posture, being requested not to 
swallow any more and to expectorate all saliva. By supporting the 
tube and having the patient breathe slowly and deeply, the tip slowly 
passes down the esophagus into the stomach. The tubes are marked 
at 35 cm., 50 cm., 60 cm., 70 cm., etc., from the tip. When the 35 cm. 
mark passes the teeth, the tip is at the cardiac orifice. The patients 
were then placed on their right side. The tip then, together with what 
secretions are present, gravitates toward the pylorus. No secretions 
can be aspirated until both the tip and the gastric secretions reach the 
pylorus. The distance from the pylorus to the mouth is indicated by 
the second mark (50 cm.) on the tube. Specimens were then obtained 
every ten minutes until the tip passed through the pylorus into the 
duodenum. This took, in normal cases, about thirty minutes. 

Three methods were used in obtaining the specimens : 

First, the secretion was aspirated with a 20 c.c. glass syringe con- 
nected directly to the tube. It was difficult not to apply too much suc- 
tion, which drew the mucosa into the openings of the tip, ruptured 
capillaries and almost invariably gave a positive guaiac test. 

Second, in most cases sufficient secretion could be obtained by 

* Submitted for publication July 29, 1916. 

* From the Medical Clinic of Lakeside Hospital, Cleveland. 
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the acidity curve of the fasting secretions and the acidity curve of the 
secretions obtained after an Ewald test meal. Iti most cases the acidity 
went higher after the Ewald meal. In some cases there was a 
descending curve for the fasting secretions and an ascending curve 
after a test meal. 

A summary of the conditions observed in an investigation of the 
relation of the acidity curves in the fasting stomach and after an 
Ewald meal is as follows: 

r 

1. There is no curve which represents the normal acidity. 

2. There is no curve which is typical of a certain pathologic con- 
dition. 

3. There is no constant relation between the acidity curve of the 
fasting secretions and those obtained after a test meal in the same 
individual. 

4. The average curve in carcinoma and pernicious anemia has a 
tendency to descend; in other conditions to ascend. The highest 
ascent was in duodenal ulcer. 

o 

DUODENAL ULCER 

A diagnosis of duodenal ulcer was made only when no blood was 
found on the proximal side of the pylorus, and was found on the 
distal side, and in which the stool showed a positive guaiac on a 
benzidin-free diet. Roentgen ray was also used in most cases and 
showed a filling defect of the duodenal cap. There were only five such 
cases. From the subjective symptoms in other cases, the presence of 
a duodenal ulcer was suspected, but in the absence of any physical 
signs such a diagnosis was not made. 

The gastric secretion of the fasting stomach showed, as a rule, a 
greater acidity than was found in other conditions. The color was 
not abnormal. The duodenal secretions, in addition to the presence 
of blood, contained an increased amount of exfoliated epithelium cells 
and white blood cells. 

OBSTRUCTIVE JAUNDICE 

Prior to the use of the duodenal tube here, a diagnosis of com- 
plete obstruction of the common bile duct was made when the patient 
was jaundiced, the urine contained bile pigments and no urobilin, and 
the stool did not show the presence of bile pigment or urobilin. Since 
using the duodenal tube here several such cases have been examined * 
and all showed that bile was entering the duodenum, with the excep- 
tion of two cases, in which no bile could be demonstrated. 

The first case was in a woman, aged 56. Her health was good previous to 
October, 1913. At that time she began to have epigastric distress, flatulence, 
heartburn and occasional attacks of vomiting. January, 1915, she began to 
have cramp-like pains in the left hypochondrium, which radiated to the left 
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specimens obtained every fifteen minutes until the stomach was empty. 
In this way the acidity was determined during the whole process of 
digestion, and not at just one point; and the time required to empty 
the stomach was also determined. The specimens obtained were 
examined for free hydrochloric acid, total acidity, lactic acid, blood 
and bile. The amount of ‘mucus was noted. A microscopic examina- 
tion was made for red blood cells, white blood cells, epithelium, bacte- 
ria and gallstone detritus. In cases of achylia or subacidity the Wolff- 
Junghan’s test was made. The gastric motor function was determined 
by passing a stomach tube three hours after a house meal, and by 
the Roentgen ray. 

I he secretions on the proximal and distal sides of the pylorus were 
studied in the cases shown in Table 1. From the number and variety 
of cases only the following conditions will be considered: gastric neu- 
rosis, gastric ulcer, gastric carcinoma, duodenal ulcer, obstructive 
jaundice, cholelithiasis, cholecystitis and pernicious anemia. 


TABLE 1 . — Diseases in Which Pyloric Contents Were Studied 


Disease 

No. 

Cases 

Disease 

No. 

Oases 

Pernicious anemia 

6 

Cholelithiasis 

10 

Gastric ulcer 

18 

Cholecystitis 

3 

Duodenal ulcer 

5 

Gastric purpura 

1 


12 

' Cerebrospinal syphilis 

3 


36 


3 


5 

Vomiting of pregnancy 

2 


5 

Tuberculosis 

2 


10 

Epigastric hernia 

1 

Obstructive jaundice 

3 




GASTRIC NEUROSIS 

Rehfuss 1 and others have shown that a very high acidity may be 
present in apparently healthy persons and cause no discomfort. That 
some have pain and discomfort with a degree of acidity that in others 
causes no distress we in our ignorance attribute to a neurosis, in 
which the threshold of excitability is low. 

In 40 per cent, of the patients entering Lakeside Hospital during 
the past year, complaining of various gastro-intestinal symptoms, 
nothing pathologic could be found in the gastric secretions to account 
for the distress except an increase in acidity above that considered as 
the average. These cases were diagnosed gastric neurosis and fell into 

1. Rehfuss, Bergein and Hawk : Jour. Am. Med, Assn., 1914, 63, 909. 
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The other cases were diagnosed cholelithiasis. One patient was 
operated on and a stone was found in a dilated common duct. The 
other patient refused operation and was discharged unimproved 

CHOLELITHIASIS 

The normal duodenal secretions contain no free hydrochloric acid. 
It is a clear, amber fluid, and remains amber for several days, grad- 
ually changing to a green color, as the bilirubin becomes oxidized to 
bili verdin. However, if hydrochloric acid is present it becomes of a 
cloudy yellow color, due to the precipitation of bile pigment by hydro- 
chloric acid. A sediment forms on standing, which, microscopically, 
is seen as a fine, light-yellow detritus. The bilirubin becomes oxidized 
to biliverdin immediately after removal and often before, as evidenced 
by the green color. 

The duodenal secretions found in four patients having more or less 
typical symptoms of gallstones contained a heavy sediment, which was 
different from that seen in other cases. It was heavier and of an 
orange yellow color. The duodenal secretions were cloudy. Micro- 
scopically the individual particles of detritus were larger and more 
highly colored than those precipitated by acid. Jt stained very poorly 
with methylene blue. 

Three of these patients were operated on and the gallbladder was 
found to contain numerous small stones. The bile aspirated directly 
from the gallbladder presented the same microscopic picture. In one 
case there were only two or three hard stones, but a soft, putty-like 
detritus filled the bladder. The other patient is to be operated on this 
summer. 

There are two possibilities as to the origin of this detritus. One 
is that the formed stones, by the peristalsis or contractions of the gall- 
bladder and motion of the abdominal wall, grate against each other 
and thus produce the detritus. The other is that it is formed, in the 
same manner as are the stones, the stones being larger and older. 
However, on finding an orange yellow, coarse detritus in the duodenal 
secretions, together with a history of colicky pains, or jaundice, a 
positive diagnosis of numerous gallstones can be made. No abnormal 
findings were present in the duodenal secretions in cases of chole- 
lithiasis in which only one stone was present. 

CHOLECYSTITIS 

The normal duodenal secretion is a clear, amber-colored fluid. It 
becomes of a cloudy yellow color when free hydrochloric acid is 
present. When neutralized with sodium hydroxid it becomes clear 
again. An alkaline duodenal secretion that is cloudy is very suggestive 
of cholecystitis. The cloud is due either to bacteria or white blood 
cells. The addition of sodium hydroxid does not clear the fluid. 
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. three general classes: (1) gastric neurosis secondary to infection, as 
tuberculosis, influenza, syphilis and pelvic inflammatory conditions; 
(2) gastric neurosis associated with chronic constipation; (3) gastric 
neurosis secondary to some mental or physical strain. 

The symptoms complained of were many and varied. The com- 
monest were epigastric distress after meals, flatulence, anorexia, 
heartburn, nausea and pain. The pain varied in the same individual 
in time, location, intensity and duration. There was invariably an 
absence of tenderness and muscle rigidity. In the cases in which the 
secretions were examined more than once, they showed a marked 
variation in the acidity. The average acidity curve made from forty 
cases of the secretions of the fasting stomach, given in Figure 
shows a constant relation of the free hydrochloric acid to the total 
•acidity, a slight rise in acidity for the first half hour and then a gradual 
fall. The duodenum was entered on an average in forty minutes. 
The individual curves varied greatly, no two being alike. Figure 2 
shows curves in four cases of gastric neurosis associated with chronic 
constipation, two on a fasting stomach and two after an Ewald meal. 
These show the futility of comparing the acidity curves in different 
individuals. 

To summarize the results of the investigations in cases of gastric 
neurosis, I would say that in 40 per cent, of cases examined nothing 
pathologic could be found to account for distress. 

A diagnosis of a pathologic condition cannot be made from sub- 
jective symptoms. 

Gastric neurosis is most commonly secondary to an infection, as 
tuberculosis, syphilis, influenza, chronic constipation and mental or 
physical strain. 

The secretions on the proximal and distal sides of the pylorus and 
the gastric acidity curves show nothing constant or typical of this 
condition. 

GASTRIC CARCINOMA 

The secretions on the proximal side of the pylorus were exam- 
ined in eleven cases of carcinoma of the stomach, liver or colon. The 
secretions on the distal side were obtained in only three cases (prob- 
ably because the carcinoma involved the pylorus). Two patients had 
carcinoma of the liver and one had carcinoma of the hepatic flexure 

of the colon. . 

In all the cases of gastric carcinoma there was no free hydrochloric 
acid, with one exception. In two cases of carcinoma of the liver and 
stomach free hydrochloric acid was present. One of these cases was 
found at necropsy to be complicated with a duodenal ulcer. Lactic 
acid was present in only three of the cases. There was an mcreasec 
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The typhoid bacillus ,was found in the duodenal secretions of one patient. 
He was a man about 49 years old. He entered the hospital complaining of 
some pain and distress in right hypochondrium. He had sensory disturbances 
on extremities, loss of vibratory sense and diminution of other sensations. 
Tenderness and rigidity in right hypochondrium. ' Physical examination, includ- 
ing the secretory and motor function of the stomach, spinal fluid and blood 
was negative. His duodenal secretion was slightly cloudy, the reaction faintly 
acid. Microscopic examination showed numerous motile bacilli, which were 
not present in the gastric secretions. Cultures were grown on slant agar. These 
were then plated. A motile organism was isolated, which caused no fermenta- 
tion in dextrose, maltose, lactose or saccharose bouillon, thus proving to be 
the bacillus typhosus. His symptoms probably were due to a typhoid chole- 
cystitis. 

In December, 1915, a Japanese patient entered the ward with a diagnosis 
of bleeding duodenal ulcer. Physical examination revealed dulness at the 
right base. He had a very foul, putrid expectoration. Roentgen ray showed 
an opacity at the right base, probably a lung abscess. His abdomen was very 
rigid and tender, especially in the right hypochondrium. The liver edge was 
palpable and he was jaundiced. A large amount of dark blood was passed 
per rectum. This was found to be due to internal hemorrhoids. These were 
operated on and the hemorrhage ceased. A Rehfuss tube was passed on a 
fifteen-hour fasting stomach. While passing the tube the patient expectorated 
a large amount of yellow, fetid, purulent mucus. 


TABLE 3. — Findings by Means of Rehfuss Tube in a Case of Gastritis. 

Duodenitis and Cholecystitis 


Speci- 

Time, 


! 

j 

Free 

Total 



men 

Min. 

Characteristics ! 

1 

; 

Mucus 

i 

HC1 

| Acidity 

1 

Bile 

Blood 

i 

1 

•• 

: 

i 

i 

Too much mu- ' 
cus to titrate j 

... 


0 

0 

2 

25 

I Cloudy yellow 

+++ 

0.4 

20 

-f* 

0 

3 

| 

35 

Cloudy yellow 

+ 4- 

0 

24 

++ 

0 

i 

50 

Clear amber 

i 

0 

■ 20 

+ + 4’ 

1 0 

: 


Microscopic examination of a second specimen showed a very large number 
of pus cells, both free and in clumps of mucus. The secretion consisted of a 
large amount of mucus. The mucopurulent secretion swallowed could be 
differentiated from the gastric secretion by the yellow color. There was a 
large number of bacteria, a large diplococcus predominating. There was also 
an increased amount of squamous epithelial cells. 

Examination of the duodenal secretion showed an increased amount of 
mucus, but there was no blood. Microscopic examination showed a fe\g. white 
blood cells, which were -not clumped in mucus. There were a few oval epi- 
thelial cells. Some were stained yellow and they contained a small coccus. 
There were numerous extracellular organisms resembling staphylococcus. 

From the increased amount of mucus, white blood cells, desquamated epi- 
thelium and bacteria in the secretions, a diagnosis of chronic gastritis was 
made. From the same findings in the duodenum, namely, mucus, pus cells, 
bacteria, exfoliated oval epithelium, a duodenitis was shown to be present. 
From the presence of exfoliated oval epithelial and pus cells in the duodenal 
secretions, the jaundice, large liver and tenderness in the right hypochondrium 
a diagnosis of cholecystitis was made. The gastritis, duodenitis and chole- 
cystitis was secondary to the pulmonary infection. 
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2 5J: C ' Y>T ^™ved in three ho ™, showing free hydrochloric acid 74 total 
acidity 124. A carbohydrate meal was given and 75 c.c. were removed in 
one hour, showing free hydrochloric acid 64, total acidity 86, lactic add nta- 
tive and guaiac test negative. An Einhorn duodenal tube was passed on a 
fifteen-hour fasting stomach; 150 c.c. of a coffee ground fluid were removed 
The guaiac test was positive. The spectroscope showed the bands of oxyhemo- 
globin. Microscopic examination showed starch cells, red blood corpuscles 

nrhl The firSt s P ecimen showed free hydrochloric 

acid 34, total acidity 50; the second, taken in forty-five minutes, showed free 



Fig. 4. — The upper part of the figure represents the acidity curves of a 
case of carcinoma of the liver (Case 46) ; the middle, of a case of carcinoma 
of the liver and stomach, with duodenal ulcer (Case 60) ; and the lower, of 
a case of carcinoma of the colon (Case 53). The solid lines in each case rep- 
resent the acidity of the secretions of the fasting stomach; the dash lines the 
acidity of the secretions following an Ewald meal. The upper curve in each 
case represents total acidity; the lower, free hydrochloric acid. 


hydrochloric acid 66, total acidity 110; and the third, taken in sixty minutes, 
showed free hydrochloric acid 70, and total acidity 128. The duodenum was 

not entered. ' . 

A diagnosis was made of ulcus ventriculis. The patient was given t e 
Sippy routine. He gained in weight, got immediate relief from the pain, and 
eructations, and when discharged, Nov. 13, 1915, he was eating a hbera ie 
with no discomfort. He had no further discomfort until the middle or 
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6. Pilcher, from a study of thirty-four cases of pernicious anemia 
in the Mayo Clinic, concludes that the achlorhydria resulted from 
chronic gastritis ; that, due to the achlorhydria, the bacterial flora was 
markedly increased, from which toxins are formed. The absorption 
of toxins, together with the disturbance of digestion, impairs the for- 
mation of antibodies, until finally a bacteremia is produced, usually of 
streptococcus origin. This stage is recognized by the elevation of 
temperature and proved by frequently growing the streptococcus from 
the blood during the febrile period. 

7. Experiments have shown that the blood in the peripheral circu- 
lation seldom shows signs of hemolysis, or increased fragility. In the 
portal venous system the excessive accumulation of iron in the liver 
and the reddish color seen in the portal lymph nodes are suggestive of 
a hemolytic agent in the portal^ circulation. 

Considering the theory that pernicious anemia is caused by a hemo- 
* lytic agent and that this agent is dependent on a disturbance of the 
gastro-intestinal tract, I attempted to find out if there were present in 
the gastric and dnodenal secretions any substance which had a greater 
hemolytic action than in normal secretions. The hemolytic power of 
the secretions on the proximal and distal sides of the pylorus was 
determined on six patients who were not anemic. Another series of 
six tests Oil six patients suffering with pernicious anemia was done. 

Technic: Into a series of test tubes was placed 5 c.c. of normal 
saline. Into the first tube 5 c.c. of filtered, fasting gastric or duodenal 
secretions was added and the contents mixed. Then 5 c.c. of the mix- 
ture- in the first tube was added to the second tube, which in turn was 
mixed and the process repeated. This made dilutions of 1 to 1, 1 to 2, 

1 to 4, 1 to 8, etc. To each tube 1 c.c. of oxalated, washed red blood 
corpuscles was added. A control of normal saline and the blood was 
always made to make sure no hemolysis took place, and the presence 
of oleic acid ruled out. The amount of hemolysis was noted at inter- 
vals during twenty-four hours. 

The result of this series showed^ without a single exception, that 
the gastric and duodenal secretions from cases of pernicious anemia 
caused no more hemolysis than do normal secretions. 

CONCLUSIONS 

1. The secretory and motor function of the stomach can best be 

determined by the fractional method of examination. 

\ 

2. The normal alkaline duodenal secretion is of a clear, amber 
color. The presence of free hydrochloric acid precipitates the bile 
pigments and it becomes of a cloudy yellow color, which will become 
clear again when neutralized. 
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. The acidlty curve was plotted in eight of the cases in which suffi- 
cient specimens were obtained. In four cases- of gastric carcinoma the 
curves show no free hydrochloric acid. The total acidity either 
lemains constant or diminishes. In the one case above described the 
curve shows a sharp rise. 

In carcinoma of the liver free hydrochloric acid was present (Fig. 
4). In both cases the acidity curve descends. In the case of car- 
cinoma at the hepatic flexure of the colon, there was a primary fall 
and then a late rise (Fig. 4). The same type of curve was obtained in 
cases of pernicious anemia, with the Exception that there was no 
decrease in the total acidity, which remained practically constant. 

In general, then, we can say that in achlorhydria, simple and-malig- 
nant, the acidity curve has a tendency to descend. 


GASTRIC ULCER 

There were eighteen cases of gastric ulcer in this series, in which a 
positive diagnosis could be made. The diagnoses were made from the 
history of hematemesis and blood in the gastric secretions, or by the 
Roentgen ray in cases of old chronic ulcers or scars. In these few 
cases it was seen that the pain varied greatly in location and time of 
occurrence. It is of no more value diagnostically than that found in 
gastric neurosis. 

The tenderness and rigidity were present in over 90 per cent, of 
cases, whereas pressure usually gave relief in cases of gastric neurosis. 
The nausea, vomiting and hematemesis were present in most cases. 

The duodenal tube passed through the pylorus in only two cases. 
One case had an old callous ulcer on the lesser curvature, as shown by 
the Roentgen ray. This was excised. The tube went through the 
pylorus in the other case in twelve hours. This patient was subse- 
quently operated on, on account of severe hemorrhage, and a pyloric 
ulcer was found. 


This patient was a woman, aged 28. In August, 1914, she began to have 
pain across her back. In May, 1915, she began to belch gas, which relieved 
the heavy feeling in her stomach. Later the gas was accompanied by bitter 
acid eructations, which kept increasing in amount. Sept. 18, 1915, she began 
to experience sensations in her abdomen resembling fetal movements. Sept. 20, 
1915, she started to vomit, at intervals from three to four days, generally 
four’ hours after eating. On one occasion she noticed food present in the 
vomitus which she had eaten twenty-four hours previously. She lost -0 
pounds in three months. She entered the hospital Dec. 8, 1915. 

Physical examination showed the stomach was distended. There was visible 
peristalsis and a succussion. There was muscular rigidity and tenderness m 
the epigastrium. Just below the costal margin in the right nipple line a hrt 
mass, about the size of a walnut, was palpable. A stomach tube was passed . 
and 48 ounces of fluid were removed. This showed free hydrochloric acid , 
total acidity 48. The guaiac test was negative. Cranberry seeds were pr . 
which she had eaten forty-eight hours before. From the marked obbt 



THE RELATION OF HYPERTROPHIC OSTEO- 
ARTHROPATHY TO PULMONARY 
TUBERCULOSIS * 

LEO KESSEL, M.D. 

NEW YORK 

Cases of hypertrophic pulmonary osteo-arthropathy have been pre- 
sented to this section by Dr. Theodore Janeway and our present secre- 
tary, Dr. Brooks. My excuse for bringing the subject to your atten- 
tion is to emphasize certain points in the relation of this interesting 
clinical condition to pulmonary tuberculosis. 

The relative rarity of osteo-arthropathy in association with pul- 
. manary tuberculosis has been mentioned by several authors. The 
writer of one of our modern textbooks on tuberculosis states that he 
has examined 2,300 patients suffering from pulmonary tuberculosis 
without once having encountered an osteo-arthropathy. It is only 
within the past decade that the importance of pulmonary tuberculosis 
as an etiologic factor in hypertrophic osteo-arthropathy has been recog- 
nized. The literaure to date contains about forty-three cases. Con- 
siderable discussion has appeared from time to. time regarding the rela- 
tion of club fingers to hypertrophic osteo-arthropathy. A number of 
French and a few German authors believe that the one bears no rela- 
tion to the other; but frequently this decision has been reached on 
insufficient evidence, Jdamberger, 1 Marie, 2 and Lefebvre 3 believed both 
conditions to be similar phenomena. Janeway' 1 regarded them as dif- 
ferent stages of the same process, and suggested thirteen years ago 
that careful radiographic observation of the distal ends of the radius 
and ulna might show slight thickenings in many cases of simple hip- 
pocratic fingers. 

/ 

* Submitted for publication June 23, 1916. 

* Read before the Section on Medicine of the New York Academy of Medi- 
cine, May 16, 1916. 

* This work was carried out in the wards of the Montefiore Hospital for 
Chronic Diseases. 

1. Bamberger, E. : Ueber Knochenveranderungen bei chronischen Lungen 
und Herz Krankheiten, Ztschr. f. klin. Med., 1891, 18 , 193. 

2. Marie, P. : De l’osteoarthropathie hypertrophiante pnuemique, Rev. de 
med., 1890, 10 , 50, 

3. Lefebvre, A.: Des deformations osteo-articulaires consecutives a des 
maladies de l’appareil pleuro-pulmonaire, These de Paris, 1891. 

4. Janeway, T. : Hypertrophic Osteo-Arthropathy ; with Report of Two 
Cases, Am. Jour. Med. Sc., October, 1S03. 
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. a modlfied B. W. Sippy treatment for gastric ulcer I would 
give the following: 

1. Absolute rest m bed for three weeks, with 1 dram of bismuth 
subcarbonate in 3 ounces of water each morning before feedings are 
begun. 

Midway between the feedings the two following are given alter- 
nately : 

2. Ten grains each of heavy calcined magnesia and sodium bicar- 
bonate in 14 ounce of water. 

3. Ten grains each of bismuth subcarbonate and sodium bicar- 
bonate in 14 ounce of water. 

As a diet the course outlined in Table 2 is given. 

TI-IE RELATION OF THE ACIDITY CURVES IN THE FASTING STOMACH 
AND AFTER AN EWALD MEAL 

The acidity curve in patients having the same pathologic conditions, 
such as in gastric ulcer, were compared. The comparisons showed a 
marked individual variation in both the fasting secretions and in 
those obtained after an Ewald meal. 

In comparing the curves having different pathologic conditions 
no uniformity was found. No curve was demonstrated as typical of 
a gastric ulcer or of a duodenal ulcer. 

By grouping all the cases and plotting a curve from the average 
acidity, a curve was obtained which represented the average condi- 
tions. Such a curve can only be plotted accurately with a large number 
of cases ; for the individual variations are so great. The curves shown 
in Figure 5 cannot be considered as typical of gastric ulcer, etc., only 
the average curve of the cases examined here. 

In gastric neurosis we find that the amount of free hydrochloric 
acid bears a constant relation to the total acidity; that there is a slight' 
increase in acidity, due probably in the fasting stomach to the stimula- 
tion of the tube, and then a gradual fall ; that the mean free hydro- 
chloric acid is 20, total acidity 40; that after an Ewald meal there is 
a gradual rise in the acidity for seventy-five minutes, and then a 
gradual decrease. The mean acidity was free hydrochloric acid 30, 
total acidity 60. In gastric ulcer the mean acidity is greater, and 
tlie curve fluctuates more, probably due to a fewer number of cases 
from which this curve was plotted. 

In duodenal ulcer the acidity is greatest, and the stomach emptied 
itself sooner than in other conditions. In carcinoma and pernicious 
anemia there is a drop in acidity after passing the tube, both in the 
fasting secretions and after an Ewald meal, or else the total acidity 
remained constant. 

There was no constant relation in the same individual between 
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The underlying changes in the soft tissues of the fingers and toes 
have been generally described as a connective tissue hyperplasia, with 
capillary dilatation. The essential pathologic features of the bone, dis- 
ease consist in a progressive, ossifying periostitis, usually manifesting 
itself in the distal ends of the diaphyses of the long bones of the arms 
and legs, and later involving the other bones of the skeleton. In long- 
standing cases the changes in the periosteum may involve all of the 
bones, including the cranial bones. These bone changes in advanced 



Fig. 2. — The soft tissues of all the toes are increased and the tips of the 
distal phalanges of the great toes show an exaggeration of a burr-like forma- 
tion. The fifth 'metatarsal bones appear at their inner aspect to be lined with 
a thin layer of new bone, perfectly regular in outline, and showing a sharp 
line of demarcation between the new bone and cortex. 

stages of the disease are not necessarily confined to the diaphysis, but, 
as Locke has shown, the epiphyseal portions may produce new bone 
formation. We were unable to demonstrate this in any of our roent- 
genograms, but none of our patients presented so pronounced a pic-- 
ture of the disease as some of those described by Locke. 

Patients presenting evidence of hypertrophic osteo-arthropathv 
vary markedly in their clinical manifestations of the disease. Some 
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breast and shoulder.^ From then on she became jaundiced. She entered the 
lospital Sept. 3, 1915. Physical examination showed tenderness and rigidity 
over the region of the gallbladder. The liver edge was palpable 2 cm. below the 
costal margin. She was deeply jaundiced. A diagnosis of cholelithiasis was made 
and on September 9 a laparotomy was performed. The gallbladder was distended 
and contained numerous small stones. It could not be emptied by pressure, 
although no stones could be palpated in the common duct. A cholecystostomy 
was done, and the stones were removed. The obstruction of the common duct 
could not be cleared without prolonging the operation beyond the limit of safety. 

On October 7, ( one month after the operation, the patient’s jaundice had 
decreased, the stool was clay-colored, the mercury bichlorid test for bile pig- 
ment was negative, and there was no urobilin in the stool. Hemoglobin was 
65 per cent., red blood cells 3,400,000. The patient was much weaker than 
she was before the operation. The sinus into the gallbladder was still drain- 
ing. The urine contained bile pigments and salts. The total nitrogen was 
0.119 gm. per 100 c.c., and the ammonia nitrogen 0.01576 gm. per 100 c.c. The 
ammonia nitrogen was 1 per cent. The blood plasma also contained a large 
amount of bile pigment and bile salts. 

An Einhorn duodenal tube was passed on a fifteen-hour fasting stomach. 
The secretion obtained on the proximal side of the pylorus was a clear, opales- 
cent liquid, with a trace of mucus. There were no bile, and no blood. There 
was free hydrochloric acid 8, with a total acidity of 22. In one and one-quarter 
hours the secretion obtained had the same characteristics, with free hydrochloric 
acid 8, and total acidity 20. The bile test was doubtful. A quantitative test 
for trypsin showed a normal amount, thus proving that the obstruction was 
not at the papilla of Vater. The duodenal tube was left in for ten days, 
during which time 1 ounce of her own bile was collected from the incision, 
and fed through the tube with 6 ounces of milk and one egg, three times a 
day. In addition the patient ate a soft diet. At the end of this time she had 
gained in weight and strength. Her hemoglobin had come from 65 to 75 per 
cent, and her red blood cells were 4,672,000. Yet in spite of the fact that 
she had been getting 3 ounces of her bile every day, the stool remained abso- 
lutely acholic and no urobilin could be demonstrated. A cholecystenterostomy 
was then made. The patient made a complete recovery. 

The only other case which showed a complete obstruction of the 
common duct was in a young man, whose only complaint was jaundice 
and malaise. No bile could be demonstrated in his duodenal secretions 
for three days. On the third day bile was obtained, which contained 
colon bacilli. On that day he felt better. The icterus began to disap- 
pear, the bile pigments and salts diminished in his urine, the stool 
contained bile pigments and in four days the amount of urobilin in the 
stool had increased. A diagnosis of catarrhal jaundice was made. 

Three other cases showed all the signs of a complete obstruction of 
the common duct, namely, choluria, cholemia, icterus and acholic 
stools, except that the duodenal secretions contained bile. One was 
’diagnosed syphilitic and alcoholic hepatitis. The secretions on the 
distal side of the pylorus were normal in color and acidity, but 
decreased in amount. Only 4 c.c. were obtained after aspirating for 
fifteen minutes. With antisyphilitic treatment the liver edge came 
from the level of the umbilicus to the costal margin in the nipple line, 
the jaundice disappeared and the urine and stool became normal. 
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The thirty-two patients to be reported on were gathered from a 
service of about 100 patients suffering from pulmonary tuberculosis. 
They were all in the second or third stage of the disease. Roentgen 
examinations' were made of the hands, feet, all of the long bones, the 
bones of the pelvis, and in some instances the shoulder girdle and 
cranial bones. Following the classification made by Locke, we have 
divided these thirty-two patients into three groups (Tables 1, 2 and 3) : 



Fig. 4. — The fifth metatarsal bones show on their inner aspect a thin layer 
of new bone about 0.2 cm. at their broadest point. A sharp line of demarcation 
separates the new bone from the cortex of the metatarsal. 


(1) five patients presenting simple, well-defined clubbing of the fingers 
without bone changes; (2) seventeen patients showing clubbing of the 
fingers with bone changes in the phalanges; and (3) ten patients with 
clubbed fingers and changes in the long bones. 

Of the five patients in Group 1, namely, those presenting simple 
clubbing of the fingers, three we re men and two women. They varied 
in age from 19 to 42 years, and the length of illness ranged from one 
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Some saliva is invariably swallowed. This saliva contains bac- 
teria, white blood cells and desquamated epithelium. Therefore a few 
bacteria, pus cells and epithelium are always found in the secretions 
on the proximal and distal sides of the pylorus. Those elements pres- 
ent on the distal side of the pylorus are fewer in number, but mor- 
phologically the same as those found in gastric secretions. The first 
specimen removed from the stomach contains more bacteria and cellu- 
lar elements than the succeeding specimens. 

In inflammatory conditions of the stomach, duodenum and biliary 
tract, the number of white blood cells and exfoliated epithelium is 
increased. The epithelial cells from the stomach, duodenum and 
biliary tract are easily differentiated from the squamous epithelium 
from the mouth. They are oval and the cells are larger. McNeil 2 
distinguishes the pus cells swallowed from those arising in the stomach 
or duodenum by the fact that the former are clumped in mucus, the 
latter are found free. McNeil also differentiates the epithelial and 
white blood cells .of the biliary tract from those of the duodenum and 
stomach by the yellow color of the former. We have not made that 
differentiation, because, if a cover-slip preparation is made from 
duodenal secretions which contain pigmented epithelium and white 
blood cells, and then sodium hydroxid be added, while under observa- 
tion the pigment dissolves out, leaving all the cells nonpigmented. 
Then while the preparation is still under the microscope, if dilute 
hydrochloric acid is added, the bile pigment is seen to precipitate and 
clump ; some pigment is deposited on white blood cells and epithelium ; 
and, further, in the normal clear, amber, duodenal secretion, none of 
the epithelial cells are stained, and some of the cells, no doubt, come 
from the biliary tract. The secretions on the proximal and distal 
sides of the pylorus were in most cases examined microscopically for 
bacteria. Cultures were made only when a motile bacillus was found, 
or when those found in the duodenum appeared different in number 
and type from those present in the gastric secretions. In a few cases 
colon bacilli were found in the duodenal secretions and not in the 
gastric secretions. In most cases there were no colon bacilli. An 
attempt was made to see if there was a constant level in the duodenum 
at which the colon bacilli were present. The tip was allowed to go 
into the duodenum the length of the tube, 90 cm. from the mouth and 
30 cm. from the pylorus. Specimens were obtained every 10 cm. and 
cultures made. In general, colon bacilli were obtained more frequently 
the farther down in the duodenum the tip was. The distance from 
the pylorus that they appeared was not constant ; the individual varia- 
tions were great. 


2. McNeil, H. L. : Am. Jour. Med. Sc., 1916, 151, 906. 
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The Roentgen-ray examination in three of these patients showed 
a layer of 'new bone formation along the lateral or internal aspects of* 
the fifth metatarsal bones (Figs. 2, 3 and 4). In the patient D. H. 
section of the fifth metatarsal proved the inner layers of the periosteum 
to have been invaded by a new bone formation, the new tissue differing 
from the old bone in that the osteoblasts were few in number and 
showed no lamination (Fig. 5). 



Fig. 6. — The fifth left metatarsal bone presents at its lateral aspects a thin 
layer of new bone, showing in some places a distinct line of demarcation. This 
line disappears entirely at the middle portions, where the normal differentia- 
tion between the cortex and medullary layer has disappeared. 

All of the patients in Group 3 were men. The age range was 
between 25 and 43 years, and the length of illness from less than one 
to eleven years. 

In three of these patients the lower ends of the forearms and lower 
portions of the legs were markedly thickened and clumsy in appear- 
ance. In two of these patients the thickened areas were distinctly 
tender. Although one patient complained of pains in his wrists and 
ankles, there was no apparent change in the joints of any. 
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As a summary of the findings in cases of cholecystitis, the follow- 
ing points may be mentioned : 

1. The normal alkaline duodenal secretion has a clear, amber color. 

2. The presence of free hydrochloric acid produces a cloudy yel- 
low duodenal secretion, which becomes clear when neutralized. 

3. An alkaline duodenal secretion that is cloudy is suggestive of an 
inflammatory condition in the duodenum or biliary tract. The cloud 
is due to the presence of bacteria and pus. It does not clear on the 
addition of sodium hydroxid. 

4. Epithelial and white blood cells, which are stained yellow by the 
bile pigment, do not necessarily come from the biliary tract. They 
may be stained while in the duodenum by the precipitation of bile pig- 
ment by the free hydrochloric acid from the stomach. 

5. Colon bacilli are occasionally present in the duodenum. The 
level in the duodenum at which they appear varies. 

PERNICIOUS ANE.UIA 

There have been two prevailing theories regarding the origin of 
pernicious anemia, since it was distinguished from other forms of 
anemia by Addison. Paul Ehrlich first set forth the theory of “a 
megaloblastic degeneration of the blood-forming structures,” and W. 
Hunter gave the theory that the process was hemolytic, the origin to be 
found in a more or less specific affection of the gastro-intestinal tract. 

In support of the hemolytic theory, the following discoveries are 
to be considered : 

1. In 1907 Tallqvist showed that in degenerated parts of bothrio- 
cephalus, by an autolytic process a cholesterin ester of oleic acid was' 
formed, and that this caused an anemia similar and often identical with 
the type known as pernicious anemia. 

2. In small, nonulcerated cancer of the stomach there is often 
associated an anemia of megaloblastic tyj:>e. From these growths 
Kullmann and Tallqvist have separated a hemolytic substance similar 
to that obtained in bothriocephalus. 

3. Since pernicious anemia is usually associated with and often 
preceded by digestive disturbances, such as anorexia, gastric discom- 
fort, achylia and periodic diarrhea, Grawitz believed enterotoxic prod- 
ucts were formed from insufficient or faulty denaturation of the albu- 
minates, the diarrhea and large amount of mucus being due to a 
nucleoprotein, formed from the intestinal epithelium. 

4. Korshum and Morgenroth produced hemolytic lipoids from nor- 
mal organs. 

5. Berger and Tsuchuja, in two cases reported by Adolf Schmicjt, 
extracted the lipoids from the mucosa of the whole intestinal tract. 
This they found to have ten times the hemolytic power of that obtained 
from the normal mucosa. 
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femora were involved (Fig. 7 )." The subperiosteal layer of new bone, 
usually about 0.5 cm. in thickness, appeared at the epiphyseal line or 
just above and extended upward for varying distances (from 4 to 
10 cm.), in most instances showing a sharp line of demarcation from 
the cortex (Figs. 8, 9 and 10). In other patients the layer of new 
bone merged at points with the old, and in some a lack of differentia- 
tion between the cortical and medullary layer of the bone proper was 



Fig. 8. — Layer of new bone just above the styloid process of the ulna and 
extending upward about 4 cm. 

evident (Fig. 11). Plates taken in several positions demonstrated that 
this layer of subperiosteal new bone appeared -on the various aspects 
of the bone involved. 

One of these patients (A. G.) showed marked clubbing of his 
fingers without changes in the distal phalanges, but a distinct layer of 
subperiosteal new bone was demonstrated in the ulna, tibia and fibula. 
Such findings emphasize the importance of Roentgen-ray examinations 
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3. A cloudy duodenal secretion that is alkaline is significant of an 
inflammatory condition in the gallbladder, bile ducts, duodenum or 
stomach. The cloud is due to bacteria and pus. It does not clear on 
the addition of sodium hydroxid. 

4. A detritus that is typical in appearance may be found in the 
duodenal secretions in cases of cholelithiasis, when there are numerous 
small stones. 

5. An absence of bile pigment and urobilin in the stool is not proof 
that there is no bile entering the duodenum. 

6. Three ounces of bile may be given every day into the duodenum 
and the stool still give a negative test for bile and urobilin. 

7 . The secretions on the proximal and distal sides of the pylorus 
from cases of primary anemia cause no greater, hemolysis of red blood 
corpuscles than the secretions obtained from patients who are not 


anemic. 
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Very few reports of metabolic studies of patients suffering from 
hypertrophic osteo-arthropathy have appeared in the literature. 
Through the courtesy of Dr. Brooks we were enabled to investigate 
the metabolism in the patient exhibited by him before this section in 
1911. This patient presented a very advanced type of the disease, so 
that we thought if a perversion of metabolism existed' in osteo- 
arthropathy, it could easily be demonstrated in this patient. A careful 



Fig. 10. — The ulna shows at its external aspect a fine layer of new hone 
formation, extending from the styloid process upward about 3 cm. Practically 
the same change is seen at the external aspect of the radius. 

study of his nitrogen and calcium metabolism, carried out for one week 
by Dr. Janney, failed to show a deviation from normal standards. 

When we studied these three groups of patients in connection with 
the Roentgen-ray examinations, certain facts became evident: 

1. The degree of clubbing corresponds only in a general way to the 
radiographic findings. 
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In a comprehensive paper published one year ago Dr. Edwin Locke- 
of Boston demonstrated very clearly that simple clubbing- of the 
fingers and hypertrophic osteo-arthropathy were identical, the former 
representing an early stage of the latter. 

It is usually conceded that prolonged, venous congestion is the cause 
of the ordinary clubbed fingers, and Brooks, l! quoting Ziegler, has 
pointed out that a continued peripheral hyperemia is produced by 
compression of the lung capillaries in pulmonary, pleural or medias- 
tinal disease, and that in the course of time this hyperemia induces a 



Fig. i, — Marked increase in the soft tissues of ail of the end phalanges. 
The tips of the distal phalanges present a distinct cauliflower-like formation, 
and the bases are quite markedly widened, owing to small bony projections. 
The middle phalanges appear unusually short and their bases are broadene . 


hyperplasia in the periosteum and connective tissue. A circulating 
toxin, the product of the primary disease, probably plays a role in 
producing the bone changes in many cases, and its action appeals 
apparent where venous stasis has been marked and prolonged. 


5. Locke, E.: Secondary Hypertrophic Osteo-Arthropathy and Its Relation 
to Simple Club-Fingers, The Archives 1st. Med., 1915, 15,65V. 

6. Brooks, Harlow: The Etiology of Hypertrophic Pulmonary Osteo 
Arthropathy, New York Med. Jour., Sept. 27 and Oct. 4, 1913. 


KBSSEL— HYPERTROPHIC OSTEO-ARTHROPA THY 


251 


GROUP 1.— FIVE PATIENTS PRESENTING SIMPLE, WELL-DEFINED CLUBBING 
OF THE FINGERS WITHOUT BONE CHANGES 

Case 1 (No, 27922). — H. L., aged 32 years, a Russian, presented a lung 
condition dating back two years and beginning with a sudden hemoptysis. He 
was in the third stage of an afebrile course, with the sputum positive. 

The index and middle fingers of the left hand showed a fair amount of 
clubbing with curved nails. He did' not complain of any joint pains, nor was 
he aware of his digital abnormalities. 

The Roentgen-ray report on the bones showed that there is a distinct increase 
in the soft parts of all the fingers, most marked at the tips and around the 
interphalangeal joints. There was also marked increase in the soft parts of 
all the toes, but there were no bone changes in hands, feet, arms or legs. 

Case 2. — M. V., a man, aged 42 years, an Austrian, a cutter by occupation, 
was examined Nov. 23, 1915, and presented a lung condition which dated back 
- two years. He was in the third stage with the sputum positive, and the dis- 
ease was running a febrile course. Both upper lobes were infiltrated and moist 
rales were present. The disease was complicated by the loss of the super- 
ficial epithelium of the right false vocal cords and perforation of the lower 
quadrant of the left ear drum. The patient had never noted any changes in 
the distal ends, of the extremities until his attention was called to it. The 
heart was slightly dropped. 


TABLE 1 (Group 1). — Five Patients Presenting Simple Clubbing 

of Fingers and Toes 


Name 

Age, 

Yr. 

Years 

111 

Stage 

Fever 

Dyspnea 

Toxemia 

Cough 

Expecto- 

ration 

H. L. 

32 

2 

3 

0 

Marked 

Moderate 

Marked 

Marked 

H. V. 

42 

2 

3 

+ 

Marked 

Marked 

Severe 

Profuse 

S. L. 

23 

6 

3 

+ 

Marked 

Slight 

Severe 

Profuse 

D.^R. 

19 

1 

2 

Slight 

None 

Slight 

Moderate 

Moderate 

J. M. 

23 

6 

3 

4* 

Marked J 

Marked 

Marked 

Profuse. 


\ 

The finger nails were moderately curved and showed longitudinal striations 
and some thickening. There was slight enlargement of the distal phalanges 
as a whole. These changes were still more marked in the feet, more par- 
ticularly in the great toes, in which the thickening of the soft tissue was 
very evident. 

The Roentgen-ray report did not show any pathologic changes in the 
terminal phalanges or other bones of the hands, feet, arms or legs. 

Case 3. — S. L., a Russian woman, aged 23, a milliner by occupation, pre- 
sented a lung condition which dated back six years. Both upper lobes were 
infiltrated with evidences of activity throughout both lungs. The patient was 
in the third stage of the disease, which was running a febrile course. The 
sputum was positive. 

The patient had had no pain in any of the joints of the extremities. She 
did not remember having noted any change in the distal ends of the extremi- 
ties. The nails of the fingers were thickened, somewhat parrot beak in shape, 
and the fingers and toes were slightly clubbed. 

The Roentgen-ray report showed no pathologic changes in the bones of 
the hands, feet, arms or’ legs. 

Case 4. — D. H., a newsboy, aged 19 years, born in the United States, showed 
a pulmonary condition which dated back one year. He also suffered from a 
cardiac disturbance necessitating his stay in bed. His pulmonary disease was 
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show simple hypertrophy of the soft tissues about the terminal pha- 
langes, with thickening and cyanosis of the nails, which are at times 
parrot beak in shape; others, in addition to this clubbing, display an 
enlargement of the hands and feet, and a thickened, clumsy appearance 
of the lower forearms and lower legs. When the disease is well devel- 
oped, the normal tapering appearance of the lower forearms and lower 
legs is completely lost, the periarticular thickening is marked, and the 
joint involvement pronounced. The patients sometimes complain of 



Fig. 3. — Apparent increase of soft tissues about the terminal phalanges.- The 
tips of these phalanges show a burr-like formation. The fifth metatarsaL bones 
present a distinct layer of new bone, about 0.2 cm. in width, on the internal aspect. 


considerable pain in the bones and joints involved and examination 
often shows these parts to be quite tender. 

A point mentioned by the earlier writers and well emphasized by 
Brooks is the tendency in these patients to the formation of a globular 
nose and distinct evidence of thickening of the subcutaneous tissue 
in the malar regions. These marks of peripheral stasis occurred quite 
prominently in our series of patients, the changes in the nasal tip 
being present in twelve patients, and the malar thickening appealing 
in nine of them. 
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ing of his nails and slight hypertrophy of the soft parts of his finger tips, with 
marked thickening and curving of the nails of the toes. 

Both upper lobes of the lungs were dull, with no apparent excavation. He 
was running an occasionally febrile course, and he had had . pulmonary hem- 
orrhages at times. He was in the second stage, with sputum positive. The 
heart was small, somewhat dropped, and there was moderate bulging of the 
right wall of the ascending aorta. 

The Roentgen-ray report showed that the tips of the end phalanges of the 
hands had an exaggeration of burr-like excrescences, and their bases had point- 
like projections which might be called abnormal. There was a moderate amount 
of cystic degeneration at the tips of the end phalanges. The forearms, arms 
and lower extremities were negative. 


TABLE 2 (Group 2). — Seventeen Patients Presenting Simple Clubbing 
of Fingers or Toes with Changes in the Distal Phalanges 


Name 

Age, 

Yr. 

Years 

111 

Stage 

Eever 

Dyspnea 

Toxemia 

Cough 

Expecto- 

ration 

S. K. 

55 

4 

2 

At times 

Moderate 

Slight 

Marked 

Profuse 

J. M. 

27 

3 

2 

At times 

Moderate 

Slight 

Moderate 

Moderate 

J. L. 

51 

J 

2 

Very slight 

0 

0 

Moderate 

Moderate 

M. E. 

42 

3 

3 

+ 

+ 

4* 

Severe 

Profuse 

J. E. 

03 

4 

3 

Slight at 
times 

4* 

+ 

Severe 

Profuse 

J. J. 

29 

2 

3 

Slight 

0 

Slight 

Moderate 

Moderate 

E. B. 

34 

4 

3 

Slight at 
times 

0 

0 

Moderate 

Profuse 

T. K. 

40 

2 

3 

At times 

Slight 

Slight 

Severe 

Profuse 

M. B. 

18 

iy 2 

3 

+ 

+ 

+ 

Severe 

Moderate 

' J. S. 

50 

4 

3 

At times 

0 

0 

Slight 

Very 

moderate 

S. J. 

37 

1 

3 

+ 

+ 

+ 

Severe 

Profuse 

D. H. 

45 

2 

3 

+ 

+ 

+ 

Severe 

Profuse 

N. S. 

45 

5 

3 

4* 

Slight 

Moderate 

Severe 

Profuse 

M. 0. 

42 

3 Ms 

3 

0 

Slight 

Moderate 

Severe 

Profuse 

I. S. 

30 

iYs 

3 

At times 

0 ' 

Slight 

Severe 

Profuse 

A. S. 

39 

3 

3 

+ 

+ 

+ 

Severe 

Profuse 

E. M. 

23 

6 

3 

Slight 

Slight 

Slight 

Moderate 

Moderate 


Case 4. — M. E., a Russian, aged 42 years, a hatter by occupation, showed a 
lung condition which dated back three years. He was in the third stage of 
pulmonary tuberculosis, which was complicated by laryngitis and hemoptysis. 
The sputum was positive, the course of the disease febrile. 

He had noted no change in the appearance of his finger tips, nor had he 
experienced any joint pains. The nasal tip was thickened, and there was 
well-marked clubbing of his thumbs. This was less evident in the other fingers. 

The Roentgen-ray examination showed that not only were the soft parts 
of all the fingers greatly increased, but the bony parts showed very marked 
cauliflower excrescences at the tips of the end phalanges and marked point- 
like projections of the basal portions of the same phalanges. The middle 
phalanges appeared short, thick, and markedly broadened at the basal por- 
tions. The forearms, feet and legs were negative. 

Case 5. — J. F., a Russian, aged 63, a ragpicker by occupation, was examined 
Oct. 1, 1915, and showed a lpng condition which dated back four years. He 
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to six years. Extensive pulmonary cavitation was present in three of 
these- patients (M. V., S. L. and J. M.). It is noteworthy that the 
patient J. M., who had been ill six years, first noticed a change in the 
appearance of her fingers three and a half years ago. Roentgen-ray 
examination, made only one month before her death, failed to demon- 
strate the slightest change in any of her bones, in spite of the presence 
of an extensive pulmonary lesion, which, during the last year of her 
life, had produced dyspnea, toxemia, and long periods of continued 
fever. The patient M. V. presented a similar history, extending over 
a shorter period, with the same negative Roentgen-ray findings. 



Fig. 5. — Section of lower end of radius from patient I. G., showing a dense 
layer of new bone formation separating the periosteum from the cortex. 


Of the seventeen patients in Group 2, fourteen were men and three 
women. The ages varied from 18 to 63 years, and the length of 
illness from one to six years. 

The appearance of the patients in this group differed in no way 
from those in Group 1. They presented various degrees of clubbing 
of the terminal phalanges of the fingers and toes, but the Roentgen- 
ray examination disclosed changes in the bones of the hands and feet 
not seen in those of Group 1. The bone changes consisted in cauli- 
flower-like excrescences of the tips of the end phalanges, with point- 
like projections of the bases of those phalanges. At times these pio- 
jections appeared as true osteophytes. The middle phalanges were 
short, thick and broadened at the base (Fig. 1). 
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The Roentgen-ray examination showed that there was marked increase in 
the soft tissues of all the end phalanges of the hand, with the beginning of 
cauliflower formation and cystic degeneration in the bony tips. The forearms, 
arms, feet and legs were negative. 

Case 10 (No. 30407). — N. S., a man, aged 45 years, a cleaner by occupation, 
presented a pulmonary condition which dated back five years. At no time had 
he had pain in any of the joints, and he did not remember when the joint 
enlargement began. He was in the third stage of pulmonary tuberculosis, com- 
plicated by laryngitis, running a febrile course. The sputum was positive. 
There was marked thickening of the nails with longitudinal striations and parrot 
beak curving and hypertrophy of the soft tissues. 

The Roentgen-ray examination, made Sept. 24, 1915, showed the hands with 
very marked cauliflower formation at the tips of all the phalanges. The basal 
portions of most of the terminal and some of the middle phalanges showed 
slight osteophyte formation. Most of the middle and terminal phalanges pre- 
sented a peculiar fan-shaped appearance. The feet, legs and forearms showed 
no definite bone changes. 

Case 11 (No. 28386). — M. C., a Russian, aged 42 years, a painter by occu- 
pation, showed a pulmonary condition which dated back three and one-half 
years. He was in the third stage of pulmonary tuberculosis, running an afebrile 
course. The sputum was positive. There was slight thickening of the nasal 
tip and the subcutaneous tissue of the malar region. There were also distinct 
thickening and curving and longitudinal striations of the finger nails, and 
moderate thickening of the soft tissue, with similar changes in the toes. 

The ’Roentgen-ray examination showed that there was a marked increase 
of the soft tissues in all the fingers, most marked in the tips, which also had 
an exaggerated cauliflower appearance. The bases were broadened, due to 
lateral excrescences, and the middle phalanges appeared somewhat shortened 
and thickened, due to an enlargement of the basal portions. The forearms and 
arms were negative. The soft tissues of the big toe were distinctly increased 
and the tips of the end phalanges showed marked burr-like excrescences. The 
legs were negative. 

Case 12. — A. S., an Austrian woman, aged 29 years, houseworker, showed a 
condition which dated back three years. She was in the third stage of pul- 
monary tuberculosis, running a febrile course. The sputum was positive. The 
patient had not noted a change in any of her fingers or toes, nor did she ever 
complain of any pain in the bones or joints. There was slight curving of the 
nails and clubbing of the finger tips, but there were no similar changes in 
the toes. 

Roentgen-ray examination showed that the soft parts of all the fingers 
were markedly increased, especially at the end phalanges and around the inter- 
phalangeal joints. The bony parts presented very marked cauliflower for- 
mation at the tips of the end phalanges, marked broadening of the nasal por- 
tions of the same phalanges, due to bone excrescences. The basal portions of 
all the middle phalanges showed marked increase in width. All the other 
bones of the lower extremities failed to show any abnormality. 

Case 13 (No. 32783). — P. M., aged 23 years," a clerk, born in the United 
States, showed a pulmonary condition which dated back six years. He was 
in the third stage of pulmonary tuberculosis. The nasal tip showed some 
thickening. There was distinct curving and thickening with cyanosis of the 
finger nails, and moderate clubbing of the finger tips. There was very slight 
curving of the toe nails, with cyanosis; some thickening of the soft tissues 
of the tips, but they were not distinctly clubbed. There was no thickening 
or deformity of the long bones. 

Roentgen-ray examination showed a moderate amount of bony overgrowth 
at the tips of the distal phalanges, with slight point-like projections at the 
bases of the same phalanges. There were no bone changes in the feet, arms 
or legs. 
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Six patients of the ten in this group presented the globular nose 
formation and malar thickening. With the exception of the awkward 
appearance of the lowet arms and legs in the three patients just 
described, the patients in Group 3 disclosed nothing in their physical 
examination to differentiate them from patients in either of the other 
two groups, yet the Roentgen-ray examination revealed decided dif- 
ferences. Nine of them showed changes in the phalanges similar to 
those described as characteristic of Group 2. A layer of new bone 



Fig. 7 —The upper third of the femur shows a thick layer of dense and well- 
differentiated new bone at the lateral and external aspect. 

formation on either the inner or outer aspect of the fifth metacarpal 
or metatarsal bone was evident in six patients of this group (Fig. 6). 
We were unable to determine an anatomic basis for the appearance 
of this new subperiosteal bone formation in the fifth and not in any 
of the other metacarpal or metatarsal bones. 

All of the patients in this group showed more or less walked 
changes in the bones of the forearms and legs, and in three patients the 
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he had some throat trouble, with a constant burning pain. This had disappeared 
about two years before examination. He had never noticed a changed appear- 
ance of his fingers or toes. There was a thickening of the tip of the nose and 
of the subcutaneous tissue of the malar region, also clubbing of the fingers 
as well as slight enlargement of all the toes. 

Under Roentgen ray the tips of all the end phalanges of the hands showed 
an amount of cauliflower formation, and the basal portions were broadened, 
due to point-like bony excrescences. 

The fifth metacarpkl bones, especially on the right side, showed marked 
irregularity and thickening of the cortical portions of the shaft at the 
lateral and external aspect. The forearms, feet and legs showed no definite 
abnormalities. 

GROUP 3.— TEN PATIENTS WITH CLUBBED FINGERS AND CHANGES IN 

THE LONG BONES 

Case 1 (No. 29294). — S. S., aged 43, a peddler by occupation, gave a pul- 
monary history dating back four years. He had never had pain in any of 
the joints, but he had had pains in the soles of his feet. He was in the 
third stage of pulmonary tuberculosis, which was running a usually afebrile 
course. The sputum was positive. There was distinct thickening and slight 
cyanosis of the finger nails. The thumb nails were markedly curved and 
showed deep longitudinal striations. The tips of distal phalanges showed a 
cauliflower-like formation. The bases of the terminal and second phalanges 
were broadened. The forearms were negative. The feet failed to show any 
definite change. Both tibiae showed a dense layer of new periosteal bone 
extending from the malleolus region upward along the lateral aspect of the 
shaft about 4 cm., appearing quite well differentiated from the bone proper 
almost throughout the entire extent. 

Case 2 (No. 29997). — L. C., aged 39, a tailor by occupation, showed a 
pulmonary condition which dated back about eleven years. He was in the 
third stage of pulmonary tuberculosis, which was running a usually afebrile 
course. The sputum was positive. The disease was complicated by perfora- 
tion of drum of left ear, nephritis and right inguinal hernia. The patient had 
never noticed any changes in the shape of the distal ends of his fingers or toes. 
He had complained of pains in his wrists, carpal, metacarpal, and phalangeal 
joints, and in the ankle, tarsal, and metatarsal joints during the previous year. 
He had never had rheumatism. The tip of his nose was thick and bulbous, 
and the integument in the malar region was thickened. There were typical 
parrot-beak nails, and fingers and toes were typically clubbed. There was 
distinct thickening of the legs below the calves, so that the ankle looked 
heavy and clumsy. This was more marked on the right side. This region 
was not tender. 

Roentgen ray showed quite marked increase in the soft parts of all the 
fingers, most noticeable at the tips. The bony parts showed a marked cauli- 
flower appearance at the tips of the end phalanges, with marked broadening 
of the basal portions, due to point-like projections. The forearms and arms 
were negative. The fifth metatarsal bones showed a thin layer of periosteal 
new bone, lining the shaft at the internal aspect and being quite well differ- 
entiated from the bone proper. Both fibulae and tibiae showed a very dense 
and quite thick layer of new bone lining both lateral aspects and extending 
upward above the malleoli about 6 cm. The lower thirds of the tibiae showed 
a marked lack of differentiation between cortical and medullary layer of bone. 
This layer of new bone formation was at its widest part about 0.5 cm. in thick- 
ness, and in some places not differentiated from the bone proper, which gave 
the lower ends of fibulae and tibiae a clumsy and misshapened appearance. 
The lower half of the femora showed at the anterior aspects a fine but dis- 
tinctly differentiated layer of periosteal new bone. The upper thirds of both 
femora show quite a thick layer of dense and well-differentiated new bone 
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of the long bones, even in those cases which fail to reveal pathologic 
conditions in the phalanges; and they are also of aid in correcting 

many of the earlier misconceptions regarding the pathogenesis of this 
condition. 

We sought in this whole series of patients to establish some relation 
between the clinical manifestations of the pulmonary disease and the 
type of osteo-arthropathy present, but we have been unable to demon- 
strate a connection between the two. 



Fig. 9. — Both femora present symmetrical changes consisting of a layer of 
new bone at both lateral aspects, beginning just above the condyles and extend- 
ing upward on the external side about 5 cm. and on the internal side about 3 cm. 


A study of the tables will show that pronounced evidence, of pul- 
monary triberculosis may be associated, on the one hand, with simple 
clubbing of the fingers, while, on the other hand, less marked mani- 
festations of the pulmonary disease may be accompanied by distinct 
changes in the long bones. The bone changes, moreover, are not 
definitely associated with the type or degree of the clinical expression 
of the pulmonary disease. 
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negative, except for a slight irregularity at the lateral aspect of the right 
radius just above the styloid process. The right radius presented at the 
aspect of its lower end, beginning one-half inch above the styloid process and 
extending about 2 inches, an irregularly outlined, thin fine layer of new bone. 
The feet were negative. The legs were negative, except for a moderate amount 
of irregularity of outlines in the fibula just above the lower tibiofibular joints 
to the extent of about 2 cm. The knees showed slight arthritic changes at the 
patella. The femora and pelvic bones were negative. 

Case 5 (No. 31985). — N. C., aged 35 years, a painter by occupation, showed 
a pulmonary condition dating back four months. He was in the third stage 
of pulmonary tuberculosis, running a febrile course. Sputum positive. He 
had never had pain in any of the joints; he had' noticed enlargement of the 
fingers and curving of the nails for about one year. There was marked clubbing 
of the fingers and curving of nails, also slight enlargement of all the toes and 
curving of the toe nails. The lower ends of the tibiae are thickened but 
not tender. The patient died Nov. 11, 1915. 

Roentgen-ray examination showed a very marked increase in the soft tis- 
sues of all the end phalanges. The tips of the bony end phalanges presented 
a distinct cauliflower formation and the bases were quite markedly widened, 
due to a little bony projection. The middle phalanges appeared unusually 
short and their bases were broadened. The rest of the bones of the hands 
appeared normal. The ulnae showed at their external aspects a fine layer of 
periosteal new bone formation extending from the styloid process upward 
about 3 cm. Practically the same change was seen at the external aspects 
of the radii. These radial and ulnar changes were symmetrical. The upper 
arms were negative. In the feet there was an apparent increase of soft tissues 
in the end phalanges, with burr-like bony outgrowths at the tips. The fifth 
metatarsal bone shows along its inner aspect a thin layer of periosteal new 
bone formation about 0.2 cm. at its widest, and presenting a sharp line of 
demarcation. Roentgenograms taken in various positions show that the lower 
thirds of tibiae and fibulae were covered with a layer of new bone formation 
about 0.25 cm. at its widest, and showing everywhere a sharp line of demarca- 
tion. Higher up this new-formed bone merges gradually with the normal 
cortex. The changes in the fibulae extend a little farther upward than in the 
tibiae. The contiguous portion of the tibia and fibula at the lower tibiofibular 
joint showed marked irregularity in outlines. The upper thirds of the fibulae, 
beginning just below the upper tibiofibular joint, showed a distinct thin layer 
of a newly formed bone at its anterior aspect. Both femora showed sym- 
metrical changes consisting of a layer of periosteal bone at both lateral aspects, 
beginning just above the condyles and extending upward on the external side 
about 5 cm. and the internal side about 3 cm. The middle thirds of both femora 
show an irregularly outlined layer of new bone at both lateral aspects, about 
0.5 cm. in thickness. The hips and pelvic bones were negative. 

Case 6 (No. 30529). — I. A., aged 35 years, gave a pulmonary history dating 
back five years. He was in the third, stage of pulmonary tuberculosis, which 
was running a febrile course. The sputum was positive. He had never had 
pains in any of the joints, nor had he noticed clubbing of the fingers or curving 
of the nails. The nails were distinctly parrot beak in shape, thickened, cyanotic, 
and showed longitudinal striations. The finger tips were somewhat clubbed; 
there was enlargement of the lower radius and ulna, and this region was dis- 
tinctly tender. The changes in the lower extremities were similar to, but less 
marked than those in the upper. Over the thickened area, at the lower end of 
^the tibia and fibula, tenderness was present. The subcutaneous tissue in the 
malar region was also thickened. 

The Roentgen-ray examination showed that there was a slight increase in 
the soft tissues of all the fingers, most marked at the tips and around all the 
interphalangeal joints. Cauliflower formation was marked only at the tips of 
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2. Bone changes occur more commonly than is ordinarily supposed 
in the so-called simple-clubbed fingers. 

3. Pronounced changes in the long bones may take place without 
any clinical sign or symptom being present. 

4. Systematic Roentgen-ray examinations reveal such changes. 
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in outline, with many bony projections. Practically the same condition was 
seen on the lateral plate at the anterior and posterior regions. The anterior 
aspects of the femora showed a dense layer of a new bone formation about 
0.5 cm. at its widest point, and extending upward about 15 cm., gradually 
merging into the normal cortex. There was a free space between this new 
bone formation and the cortex. No abnormalities were seen in the pelvic bones. 

Case 9 (No. 30729). — L. R., a Russian, aged 38 years, showed a lung con- 1 
dition which dated back three years. He was examined Nov. 26, 1915, and 
found to be in the third stage of pulmonary tuberculosis. The sputum was 
positive. The course of the disease was afebrile for most part, with slight 
variations. There was thickening of the nasal tip and of the subcutaneous 
tissue in the malar region. The finger nails were thickened and curved, and 
showed longitudinal striations. The matrices are thickened and showed slight 
cyanosis. There was moderate thickening of the soft tissues of the finger 
tips. The lower part of the forearms, in the region of the wrist, was thick- 
ened and clumsy in appearance, and this area was distinctly tender. Similar 
changes were not present in the legs, but the toes showed changes similar to 
the fingers. 

Roentgen-ray examination revealed a great increase in the soft tissues of 
all the end phalanges and burr-like excrescences at the tips, with marked 
broadening of the bases of the end and middle phalanges. The outer aspect of 
the first metacarpal bone showed a distinct irregularity along its middle third, 
due to an irregularly outlined layer of periosteal new bone formation. The entire 
metacarpal bone appeared clumsy and considerably broadened. The lower ends 
of the ulna showed just above the styloid process a fine layer of new bone for- 
mation, with a distinct line of demarcation extending upward for about 4 cm. 
Roentgenograms made in various positions showed that the same changes were 
present at the dorsal aspect of the ulnae. The right radius showed a slight 
irregularity in the outlines just above the styloid process, extending upward 
about 2 cm. The upper arms were negative. There was marked cauliflower 
formation at the tips of the end phalanges of the toes. The fifth metatarsal 
bone presented at both its lateral aspects a thin layer of new bone formation, 
showing in some places a distinct line of demarcation. This line of demarcation 
disappeared entirely at the middle portions, where the entire bone showed a 
lack of differentiation between cortex and medulla, the latter appearing just 
as dense as the former. The lower ends of the tibiae just above the malleolus 
and extending upward about 4 cm. showed at the anterior, posterior and external 
aspects a layer of new bone formation with a sharp line of demarcation and 
varying in thickness from Vi to Vs cm., and extending upward about 4 cm. 
The fibulae did not show any changes. The femora and pelvic bones were 
negative. 

Case 10. — I. G., aged 38, a hatmaker by trade, presented an illness dating 
back four years. He was in the third stage of pulmonary tuberculosis, run- 
ning an afebrile course. The sputum was positive. He had marked clubbing 
of the distal ends of the fingers and toes, with great curving of the nails. He 
had never had pain in any joints of the body: His nose was markedly globular, 
and there was a thickening of subcutaneous tissues in the malar region. The 
patient died Oct. 29, 1915. 

The Roentgen-ray examination showed that there is marked increase in the 
soft tissues of all the finger tips, a moderate amount of cauliflower formation 
at the tips of the distal phalanges, and a quite marked broadening of the bases 
of the same phalanges, due to point-like excrescences most marked in the 
little fingers. The middle phalanges appear somewhat shortened and widened 
at the basal portions. There was some roentgenologic evidence of rarefaction 
in the upper three quarters of both ulnae and at the upper halves of the 
radii). In the middle portions of the ulnae there was marked decrease in the 
differentiation between the cortex and medulla. The upper arms were nega- 
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in the third stage, and the sputum was positive. The disease was running an 
afebrile course. ° 

_ There was slight curving of the nails and very slight thickening of the 
soft tissue, with similar changes, but more marked, in the toes, particularly 
in the great toes. . 

The Roentgen-ray report showed that there was apnarent increase in the 
soft tissue of the hands, but no bone changes in the hands or feet. The fore- 
arms, arms, legs and femora were negative. 

Case 5. J. M., a woman, aged 23, showed a pulmonary condition which 
dated back six years. She was in the third stage, running a febrile course, 
with the sputum positive. ' 

The disease was complicated by tuberculous enteritis, laryngitis and nephritis. 

The patient first noticed changes in the shape of her fingers and toes about 
three and a half years before examination. She had had no pain in any 
joints until a short time before examination. The pains she complains of 
were only of the toes, ankles and feet, probably due to the pressure exerted 
by the edema present. There was slight curving of the nails and clubbing of 
both the fingers and the toes. 

The Roentgen-ray report showed that the marked increase was in the soft 
tissues of the fingers and toes, but that there were no bone changes in the 
hands, feet, arms or legs. 


GROUP 2. — SEVENTEEN PATIENTS SHOWING CLUBBING OF THE FINGERS, 
WITH BONE CHANGES IN THE PHALANGES 

Case J (No. 25610). — S. K., a man, aged 55 years' a pedler by occupation, 
was examined Nov. 23, 1915, and gave a pulmonary history dating back four 
year.s. He was in the second stage of an active process, usually afebrile. There 
was emphysema, and the sputum was positive. 

He had had no pain in any of the joints, but he had noticed a slight clubbing 
of the fingers and curving of the nails about twelve years before, which 
gradually became more marked as the pulmonary disease progressed. 

There was a slight clubbing of the fingers and curving and thickening of 
the finger nails, particularly of those on the right hand, also a slight enlarge- 
ment of all toe tips and curving of the toe nails. There was apparent enlarge- 
ment of -the nasal tip, which was somewhat globular in shape. 

The Roentgen-ray report showed cauliflower-like growth of the tips of the 
terminal phalanges, and Heberden’s nodes were present, but there were no 
other pathologic changes in the bones of the extremities. 

Case 2 (No. 29158). — J. M., a man, aged 27, a salesman by occupation, was 
examined Aug. 19, 1915, and showed a pulmonary condition which dated back 
about- three years. He was in the second stage, with both upper lobes of the 
lungs infiltrated, and the sputum positive, _ , 

He had not had pain in any joint, and did not remember when the joint 
enlargement began. The only enlargement of joints was found in the distal 
ends of the phalanges. These were slightly clubbed, with thickening of ■'nails, 
which were also slightly curved. . 

The' Roentgen-ray report showed marked cauliflower formation at the tips 
of all the end phalanges of the hands. Distinct bony excrescences were visible 
at the bases of the middle and end phalanges of the second, third, fourth and 
fifth fingers on both sides, giving those basal portions a broadened, somewliat. 
fan-shaped appearance. There were a few minute arthritic changes at some 
of the distal interphalangeal joints. The feet, legs and forearms gave n 
definite evidence of any pathologic changes in any of the bones. • 

Case 3 (No. 31071).— J. L„ a tailor, aged 51, showed a pulmonary condition 
which dated back one year. He had had no pains in the joints or the long 
bones. He had at the time of examination pains in both calves, but: 
had no rheumatism or sore throat. There were distinct curving and thicken 



TYPHOIDIN QUOTIENTS 

AX ANALYSIS OF THE FACTORS OF UNCERTAINTY IN THE CUTANEOUS 

TYPHOIDIN TEST * i 
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In connection with a recent study 1 of the cutaneous typhoidin test, 
which was introduced by Gay and Force 2 as an index of typhoid 
immunity, an objective method of reading such cutaneous diagnostic 
reactions was described. Instead of reporting the test as positive, 
negative or doubtful, from the general appearance of the inoculated 
spots, the diameters of the areolae are measured with a suitable milli- 
meter gage, preferably one which can be set to the diameter to be 
measured without exhibiting the reading until afterward. The result 
of a test is recorded as the quotient of the diameter of the test areola 
divided by that of the control. The advantages of this procedure are, 
first, that after adjusting the gage to the diameters of the areolae, the 
bias of the observer can be entirely eliminated in expressing the results 
of the test, and, second, that the quotients so obtained lend themselves 
readily to quantitative analyses according to the statistical theory of 
variables. Reasons were given for using the quotient rather than 
the difference between the two diameters. It is recognized, of course, 
that other characters, such as swelling, induration and depth of color, 
may contribute to the formation of judgments concerning such diag- 
nostic skin reactions. As a rule, however, these characters vary with 
the diameters ; and for statistical investigations, it is felt fhat the 
advantages of the definite and uniform system of measurements pos- 
sible for the diameters outweigh any objections to the ignoring of 
other qualities of the reactions-. 

It was found that with the dry preparation of typhoidin used 
there were average differences between groups of typhoid immunes 
and nonimmunes, but that the differences were small in comparison 
with the variation among individuals in the same group, so that the 
test had little value for the individual case. The desirability, there- 
fore, became apparent of examining possible sources of variability in 

* Submitted for publication Aug. 9, 1916. 

*From the Department of Medicine of the University of California Medi- 
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was in the third stage, with the sputum positive, and the disease running an 
afebrile course. 

Attention was first drawn to the clubbed condition of the finger tips about 
two years before, and this had afterward increased. He had no pains in the 
fingeis. Both hands showed the same condition. The joints had never been 
painful. Examination revealed well-marked clubbing and 'incurving of the 
nails of all the fingers and of the second right toe and the first and second 
toes of the left foot. The patient 'complained of pains over lowest portion 
of the sternum on pressure. There was also marked thickening of the nasal tip. 

Roentgen-ray examination showed a moderate amount of burring at the tips 
of the terminal phalanges. Point-like osteophytes - were seen at the bases of 
most of the middle and end phalanges. There were beginning arthritic changes 
at some of the middle and distal interphalangeal joints, most marked in the 
fifth fingers. The feet, leg and forearms showed no definite bone changes. 
There was a beginning arteriosclerosis. 


v Case 6 . — J. J., a Russian, aged 29, a woodcarver by occupation, showed a 
condition which dated back two years. He was in the third stage, the sputum 
was positive, the course febrile. The finger tips were moderately clubbed and 
the nails were curved; the toes were negative. 

By Roentgen-ray examination the tips of the end phalanges of almost all 
the fingers showed a moderate amount of cauliflower formation. The basal 
portions of the end and the middle phalanges showed a point-like excrescence. 
The forearms, arms, feet and legs were negative. 

Case 7. — E. B., a Russian, aged 34, a musician by occupation, gave a pul- 
monary history which dated back to March, 1912, when he began to expectorate 
blood-streaked sputum. He was in the second stage, the sputum was positive, 
and the course of the disease was afebrile. The finger tips show a fairly well- 
marked clubbing and incurving of the nails of both hands. The patient was 
not aware of this until his attention was called to it. The fingers, as a whole, 
looked rather short and thick. The nose was globular, and there was a 
thickening of the subcutaneous tissue in the malar region. The toes were 
similarly affected, but to a lesser degree. At no time had there been pain 
in the joints or extremities. 

The Roentgen-ray report, made Sept. 8, 1915, showed a moderate amount 
of burring at the tips of all the end phalanges of the hands. There was a 
slight tendency to Heberden’s node formation. The feet showed a moderate, 
irregular thickening of the cortical layer at the outer aspect of the upper third 
of the second left metatarsus, about one inch in extent. The legs and forearms 
gave no evidence of any gross bony lesion. 


Case 8 (No. 31309). — T. R., a Russian, aged 40, suffered with an illness 
which dated back two years. He was in the third stage of pulmonary tuber- 
culosis, running a febrile course, and the sputum was positive. There was a 
tendency to globular nose, but no malar thickening. The nails were curved, 
slightly cyanosed and somewhat thickened. There was marked thickening of 
the soft tissue of the terminal phalanges of the hands. The changes in the 
feet were similar, but less marked than in the fingers. % 

The Roentgen-ray examination showed that there was marked in jT e ase ot 
all the soft parts in the fingers, most marked at the end phalanges. The bony 
parts showed a distinct broadening at the basal portion of the middle ana 
distal phalanges. Most of the interphalangeal joints showed a distinct nar- 
rowing of the articular clefts. There were no bone changes in the arms, teer 

or legs. 

Case 9 (No. 30389).— M. B., a Russian, aged 18 years, was examined 
Aug. 30, 1915. The patient’s lung condition dated back one and one-halt ye • 
He was in the third stage of pulmonary tuberculosis, with positive sputum 
running. a febrile course. There was an increase in the soft tissue ot tne 
fingers and a distinct thickening of the soft parts of the toes. 
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TABLE 1. — Measurements of One Pair of Areolae by Thirty-Five Persons 

During One Forenoon 



Mean 

Probable* I 
Error 

Lowest 

Highest 

Theoretical 

Limits* 

Test spot 

21.2 mm. 

±2.64 mm. 

14.8 mm. 

29.4 mm. 

10.91 to 31.49 mm. 

Control 

6.52 mm. 

±0.85 mm. 

4.2 mm. 

9.2 mm. 

2.76 to 10.28 mm. 

Typhoidin quotient 

3.31 

±0.4 

2.45 

5 

1.51 to 5.11 


* The probable error was obtained according: to the formula, 

E = ±0.6715 x the standard deviation 

(Davenport: “Statistical Methods with Special Reference to Biological Variations,’’ John 
Wiley and Sons, New York, 1914). A probable error of ±2,6-4 mm. for measurements of 
the test spot means that if one of the readings in the series is picked out at random, the 
chances are even that it will differ by more or by less than this amount from the mean. 

The standard deviation of the test spot measurements is 3.76 mm. according to the 
formula: 


Standard deviation = ! Sum of the squares of all deviations from the mean 


Number of variates 

It is an interesting fact that in a frequency distribution of the symmetrical or nearly 
symmetrical type, a range of six times the standard deviation includes about 99 to 100 per 
cent, of all the values (G. U. Yule: “Introduction to the Theory of Statistics,’’ Charles Grifiin 
& Co., London). That is, in tho present case, assuming the distribution to bo symmetrical, 
three times the standard deviation subtracted from the average (21.20 — 3 x 3.76 = 10.91) 
would represent approximately the lower limit, and tho same amount added to tho average 
(21.20 + 3 x 3.76 = 31.49), approximately the upper limit of measurements of these areolae 
If the series were extended to include observations by many more persons of the same 
general character as these thirty-five. The distribution in all these cases, however, is more 
or less askew, and the series so small that these theoretical limits are quite rough. It will bo 
seen, however, that they are not very far from the actual highest and lowest figures recorded. 


•greatest disagreement (largest probable error) is seen in the measure- 
ments of the typhoidin areola. One man will detect a faint blush 
29 mm. in diameter, while another sees about half as much. For- 
tunately, the one who makes the small measurement of the test spot 
also, as a rule, makes a conservative determination of the control 
areola, so that the quotients show proportionately less variation than 
either the dividends or divisors, a fact which emphasizes the utility 
of control inoculations in such tests. 

It should be stated here, however, that while the test areola in this 
case was judged to be rather more ambiguous than the average, it 
was less so than some; so that the comparison between control and 
test spot is not always so effective in limiting the personal equation as 
is shown in these figures. In typhoidin, tuberculin and other similar 
cutaneous tests there is at times a quite distinct small, fairly sharply 
limited areola, surrounded by a much wider but faint and gradually 
fading blush. The control spot may have the same double character, 
but as a rule in such cases it is of the ordinary type. If such a pair of 
areolae were submitted to different observers for measurement, the 
resulting quotients would certainly be more at variance than is the 
case in this series. In order to be consistent throughout it is our prac- 
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Case 14. I. S., a housewife, aged 30 years, an Austrian by birth, gave a 
pulmonary history which dated back two and one-half years. She was in the 
third stage of pulmonary tuberculosis, which was running a febrile course. The 
sputum was positive. There was no history of pain in any of the joints There 
was slight clubbing of the fingers. 


Under Roentgen ray the basal portions of most of the phalanges of the 
hands showed fine point-like projections. The fifth metatarsal bones showed 
. a distinct irregularity in outline along both lateral aspects, extending almost 
throughout the entire shaft. This condition is symmetrical. The forearms, 
arms, legs, femora, hips and pelvis were negative. 1 

Case 15 (No. 31464). — D. H., aged 45 years, a tinsmith by occupation, gave 
a pulmonary history dating back to July, 1914. He was in the third stage of 
pulmonary tuberculosis, complicated by acute tuberculous pneumonia, tuber- 
culous ulcer of the tongue, and tuberculous laryngitis. The sputum was posi- 
tive. There was marked thickening and curving of the finger nails and a 
moderate hypertrophy of the soft tissues of the fingers. There were similar 
but less marked changes in the toes. 

Roentgen-ray examination showed that the soft parts of all the fingers 
were moderately increased and the tips of the end phalanges showed quite 
a marked cauliflower appearance. The fifth metacarpal bones presented marked 
irregularity at the external and lateral aspects of the shaft, due apparently to 
irregularly formed layers of new bone. The forearms, feet and legs were 
negative. 

The pathological report gave an anatomic diagnosis of calcified mediastinal 
lymph gland, chronic ulcerative pulmonary tuberculosis, proliferative miliary 
tubercles (lung), chronic and acute tuberculous pleuritis, acute tuberculous 
pneumonia, tuberculous laryngitis, tuberculosis of epididymis and seminal 
vesicle, tuberculous ulcer of tongue, tuberculous ulcer of colon; anemia and 
emaciation, fat deposits in the liver and pulmonary edema. 

Microscopically a metatarsal section showed the inner layers of the peri- 
osteum invaded by new bone. This tissue differed from the old bone in that 
the matrix stained blue, the osteoblasts were few in number and showed no 
lamination. 

The pathologic work in connection with this study was performed by 
Dr. Klein in the pathologic department of the Montefiore Hospital for chronic 
diseases. 

Case 16 (No. 30482). — S. J„ aged 27 years, a tailor by occupation, gave a 
pulmonary history dating back one year. He had had no pain in any of the 
joints nor had he noticed any change in appearance of his fingers or toes. He 
was in the third stage of pulmonary tuberculosis and was running a febrile 
course. The sputum was positive. There was moderate thickening and curv- 
ing of the finger nails and slight cyanosis. All the nails showed longitudinal 
striations and the finger tips showed thickening. Similar changes were evident 
in the toes. There was no enlargement or tenderness of the lower ends of 
the arms or legs. 

Roentgen-ray examination, made Sept. 27, 1915, revealed a moderate amount 
of cauliflower formation at the tips of the terminal phalanges. _ There was 
some tendency to Heberden's node formation and some broadening of most 
of the middle and end phalanges. The feet were negative. There was marked 
irregularity in outline of the lower end of the right radius, and separation 
of the styloid process of the right ulna, due apparently to an old Colies fracture 
of this process. The legs gave no evidence of any gross bony lesion. 

Case 17 (No. 29600).— J. S., a man, aged 50 years, a furrier by occupation, 
gave a pulmonary history dating back four years. He was in the third stage 
of pulmonary tuberculosis, running-an occasionally febrile course. The spu u 

was positive. . . ... , <j 

For the previous two years the patient had occasional pains in ins 
joints. These became constant during the previous year. Five years oetore 
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TABLE 3. — Measurements of One Pair of Areolae Thirty-Five Times by 
* One Person During a Half Hour 



Mean 

Probable 

Error 

!. 

Lowest 

Highest 

Theoretical 

Limits 

Test spot :.. 

16.5 mm. 

+0.7 mm. 

13.3 mm. 

18.5 mm. 

13.1 to 10.9 mm. 

Control 

1.6 mm. 

±0.15 mm. 

4.1 mm. 

5 ram. 

3.9 to 5.3 mm. 

Typhoidin quotient 

3.6 

±0.10 

3.12 ! 

4.2S 

2.75 to 4.46 


Although the areolae in this case resembled in every way the ones 
in the previous experiment, it will be noted that the probable errors 
are only about one third to two thirds as large as before. The dif- 
ferences between Tables 2 and 3 are important in connection with the 
interpretation of cutaneous reactions; and the larger discrepancies of' 
Table 2 are of course the ones which correspond more closely to the 
conditions of actual practice in gathering statistics from a series of 
cases. That is, the results of reading these cutaneous tests depends 
considerably on some such conditions as the hour of the day , perhaps 
the atmospheric temperature, and the activity of the subject , as ivell 
as possibly on unavoidable variation in the zuay in which the observer 
exercises his faculties. 

Variations in the Typhoidin Cutaneous Reaction which are Inde- 
pendent of Allergic Differences. — After allowing for inaccuracies in 
the readings, it is certain that not all of the variations in. the size of 
these inoculation areolae are due to allergic mechanisms of any sort. 
Variations in the strain of the organism used, materials in the culture 
mediums, methods of preparation, etc., may affect the results, as will be 
shown later. But in addition to these variables, which can be standard- 
ized for a given series of observations, there are others inherent in 
the method. Thus, the amount of typhoidin powder used, in each test, 
even if it could be accurately measured, is no indication of the amount 
absorbed. In nearby areas the skin may vary in glandular content, 
hair follicles or otherwise; but perhaps the most variable factor pres- 
ent is the amount of trauma inflicted by the chisel, even when the 
greatest care is taken to standardize the technic. 

To test the effect of these variables, Dr. E. H. Falconer was good 
enough to make 100 circular abrasions on the front of my thigh, by 
rotating a chisel with a 2.5 mm. blade. His aim was to make them all 
as nearly as possibe alike and just deep enough not to cause bleeding. 
Half of them were then inoculated with typhoidin powder “T 4 (new)” 
(described later), the other half were left to show the effect of the 
mechanical trauma alone. On the following day I measured the trans- 
verse diameters of all the 100 areolae, using the technic already 
described to avoid being biased by seeing the measurements during the 
/ act of taking them. In the order in which the abrasions were made the 
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at the lateral and external aspect. This layer was about V a cm; at its widest 
place. The joints were free and the hips and iliac crests were negative. 

Case 3 (No. 31603).— A. G., aged 25, a musician by occupation, presented 
a pulmonary condition dating back four years. He was in the third stage of 

pulmonary tuberculosis, usually afebrile. The sputum was positive. He had 

never had pain in any of the joints, and had never noticed the clubbing of 
the fingers and curving of the nails. There was present clubbing of the fingers 
and toes, with curving of the nails of both. 

The Roentgen-ray examination revealed marked increase in the soft tissues 
of the end phalanges of the hands, with a point-like projection at the bases. 
Most of the middle and distal phalanges showed marked broadening of the 

bases. Most of the hand bones showed advanced irregular atrophy. The left 

ulna showed at its lower end, extending just above the styloid process upward 
about 3 cm., a thin layer of new bone formation with a sharp line of demarca- 
tion. The upper arms and shoulders were negative. The fifth metatarsal 
bones were lined at the internal aspect with a distinct layer of new bone for- 


TABLE 3 (Group 3). — Ten Patients with Clubbed Fingers and 
Changes in the Long Bones 


' 

Name j 

: 

Age, 
Yr. 1 

_ 1 

Years 1 
111 | 

Stage 

i 

! Fever 

I 

Dyspnea 

Toxemia 

Cough 

Expecto- 

ration 

L. 0. 

39 

i 

1 ll 

3 

0 

0 

0 

Moderate 

Moderate 

s. s. 

■13 ’ 

i 

1 1 

1 

3 

’ Slight at 
, times 

0 

0 

Moderate 1 

! 

Moderate 

r. g. 

ss : 

•l j 

3 

Slight 

Slight 

+ 

Severe . 

Profuse 

A. G. 

25 | 

4 | 

3 

i Slight at 
; times 

0 

Slight 

Moderate 

Moderate 

L. R. 

SS 

! 

3 j 

3 

i At times* 

At times 1 

Slight 

Severe 

Profuse 

H. S. 

33 j 

7 i 

3 

! o 

° 

0 

Moderate 

Moderate 

N. G. 

35 , 

4* ! 

3 

+ 

1 

+ 1 

+ 

Moderate 

Moderate 

I. A. 

33 : 

6* 1 

3 

+ 

Slight ) 

Modernte 

Severe 

Profuse 

J. M. 

1 

SO 1 

l 1 

3* | 

3 

| Occasional 

1 

Slight on | 
exertion i 

Moderate 

Severe 

Profuse 

S. A. 

| 32 ; 

5* ' 

1 

3 

+ 

Slight | Moderate 

Severe 

Profuse 


* Period of illness expressed in months. 


mation about 0.2 cm. at its widest. There was marked increase in the soft 
tissues of all the toes. The lower end of tibia and fibula showed at their 
lateral aspect, beginning just above the malleoli line and extending upward about 
4 cm., a more or less fine layer of new bone, merging gradually into the 
normal cortical layer, showing quite a distinct line of demarcation. The upper 
third of the fibula is lined with quite a thick layer of periosteal new bone 
about 0.25 cm. in thickness, in some places showing a demarcation line, m 
others merging with the cortical layer of the fibula. The femora and pelvic 
bones were negative. . . 

Case 4.— H. S., a Roumanian, aged 38 years, presented a lung condition 
which dated back seven years. He was in the second stage of pulmonary 
tuberculosis, running an afebrile course. The sputum was positive, inere is 
well-marked clubbing of the fingers and toes. . , , 

Roentgen-ray examination showed that the soft tissues of a ‘ 
phalanges of the hands were greatly increased. The tips showed a modera 
amount of cauliflower formation. The bases and phalanges were markedly 
broadened, especially in the little fingers, where there are quite marked point- 
like bony excrescences. The middle phalanges of almost all the finge s PP 
abnormally short and their bases distinctly widened. The forearms 
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2. “Co (old)”: This was the control application, the manufacture, 
preservation and use of which were the same as for “T 2 (old).” 

The other preparations, which follow, were kindly furnished by 
Dr. Karl Meyer of the George Williams Hooper Foundation for Med- 
ical Research of the University of California. Their manufacture was 
completed only a few hours before beginning these experiments, and 
they were kept in amber-colored bottles in a desiccator. A detailed 
description of methods of preparation is to be given in a forthcoming 
article by Dr. Meyer; and the following statements will suffice here : 

3. “T. t (new)”: This was prepared from the same strain (Dorset) 
and in the same way (using Witte’s peptone) as “T 2 (old).” 

4. “C 4 ”: This was the corresponding control powder. 

5. “T 7 ” : This powder was prepared from eight strains, known as 
“Sch., B., L., Kuhn, 66, 94, 38 and M.” Liverbroth and Witte’s pep- 
tone were used. Hence “C 4 ” also serves as control for this typhoidin. 

6. “T 3 ” : This powder was prepared from Rawlings strain of 
Bacillus typhosus , using Chapoteaut-Paris peptone. 

7. “C 3 ” : This was the corresponding control powder. 

8. “To”: This was the Dorset strain of B. typhosus. Chapoteaut 
peptone was used, so that the corresponding control powder is “C 3 .” 

About twenty-four hours after inoculation the diameters of all the 
areolae were measured in a direction across the arm. A summary of 
the results is expressed in Table 5. The measurements of the unin- 
oculated spots are in millimeters. In order to show the relative 
amount of added reaction about the spots which were inoculated with 
the control powders, the diameter of each was divided by that of the 
uninoculated spot and these quotients are shown in the tables: The 
typhoidin inoculated abrasions, on the other hand, are to be interpreted 
according as they exceed the reactions about the spots inoculated with 
the corresponding control powders ; and they are, therefore, tabulated 
as the quotients of the test spot diameter divided by the control spot 
diameter, that is, as “typhoidin quotients.” In each case the firs.t 
figure given is the mean for the corresponding group, and the “plus 
or minus” figure below it is the probable error of the mean. 4 

4. This was obtained (Davenport, Footnote to Table J.) according to the 

formula : f S 

Probable error of the mean = ± 0.6745 — 

\ n 3 

In the larger groups, like the group of immunes, which is composed of the 
subgroups A, B and C, the probable errors were first computed for the sub- 
groups; and from these figures (that is, by adding the S’s and the n’s ) the 
probable errors for the composite groups were estimated. Since the averages 
for the subgroups were not quite identical, the probable errors of the large 
groups computed in this way may not be quite the same as if an entire, new 
calculation had been undertaken in each case. It is certain, however, that 
whatever inaccuracies may be present from this cause are small in comparison 
with the probable inaccuracies of the probable errors themselves, and are 
therefore inconsequential. 
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the end phalanges of the index, and little fingers. The forearms were nega- 
tlvl T > < e so ^ t tissues of all the toes were increased and the tips of the 
end phalanges of the big toes showed an exaggeration of a burr-like formation. 
Ihe nfth metatarsal bones appeared at the inner aspect to be lined with a thin 
layer of new bone perfectly regular in outline and showing a sharp and dis- 
tinct differentiation between it and the cortical layer. Both tibiae show on their 
external aspect, beginning just. above the malleolus, and extending upward 
about 3.5 cm., a lining of a distinct, although very thin, layer of new bone 
formation, with complete differentiation. The same changes were found at the 
posterior aspect of the lower end of the tibia. At the anterior aspect there 
was a very fine layer of a just beginning new bone formation extending to 

3.5 cm. The femora, hips and pelvis were negative. 

Case 7. J. M., a Hungarian, aged 36 years, a tailor by occupation, showed 
a pulmonary condition which dated back three years. He was in the second 
stage of pulmonary tuberculosis, which was running an afebrile course. The 
sputum was positive. He had never noticed any changes in -his fingers or 
toes, nor had he complained of pain in the joints or bones. There was present 
marked clubbing of the fingers and toes, also curving and thickening of the 
nails. The wrist and ankle joints appeared larger than one would expect in 
proportion to the remainder of his skeleton. The subcutaneous tissue in the 
malar region was thickened and the nasal tip was voluminous. 

Roentgen-ray examination revealed great increase in the soft tissues of all 
the fingers, most marked at the tips. Very marked bony projections at the 
base of the end phalanges, with marked cauliflower formation at the tips. All 
the phalangeal bones had an abnormally short and thick appearance, the bases 
being greatly broadened. The forearms and arms were negative. There was 
marked increase in the soft tissues of all the toes and the burr-like formation 
at the tips of the end phalanges was quite exaggerated. The lower ends of 
the tibiae showed a dense layer of new bone formation extending above the 
malleolus upward about 5 cm., presenting in some spots a line of demarcation, 
in others merging with the normal cortical layer and giving the lower end of 
the tibia a clumsy and misshapen appearance. The fibulae failed to show any 
abnormality. The rest of the bones of the lower extremities were not examined. 

Case 8. — S. A., a Russian, aged 34 years, presented a condition which dated 
back five years. He was in the third stage of pulmonary tuberculosis. The 
urine was negative, the sputum positive. The patient claimed that six years 
before he had rheumatic pains in his arms. Four years before he noticed the 
changes in the ends of his fingers and toes. The fingers and toes showed marked 
clubbing, also curving of the nails. The nails showed striae and the matrices 
were thickened. There was no tenderness over any of the long bones or joints. 
The long bones did not show any changes. The nose was bulbous. and there 
was a slight thickening of the subcutaneous tissue of the malar region. 

The Roentgen-ray exmaination showed that the soft tissues of all the end 
phalanges were greatly increased. The basal portions of the end. phalanges 
were broadened and showed lateral excrescences, most marked m the lit- 
tle fingers. The tips of the distal phalanges showed a moderate amount ot 
burr-like projections. The rest of the bones of the hands failed to show any 
abnormality. The lower end of the ulna showed a thin layer of periosteal new 
bone, beginning just above the styloid process and extending upward abou 

2.5 cm., gradually merging into the normal cortex. No abnormahtieswe^ 
seen in the upper arms. The soft tissues of all the toes were gr y f t j on 
The tips of the distal phalanges showed moderate cauliflower 

-Otherwise no abnormalities were seen in these bones. At the interna P 
of both tibiae there was a layer of new bone formation, beginning just aDove 
the internal malleolus and extending upward, about 10 cm. m diameter 

ltS Thf external aspect of the tibia and the internal aspect of the . fibula Norn 
the lower tibiofibular joint upward about 2 cm. showed . marked irregular! 
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underlying these two averages is reflected in their probable errors, 
0.11 and 0.07 mm. According to the formula. 

Probable difference of At and A 2 = V E, 2 -f- E7 
the probable difference between these two averages is 

V Off l 2 -f- 0.07* — 0.13 mm. 5 6 

This means that if there is really no difference between these two 
classes of persons in their tendency to react to mechanical trauma, 
then if the work were repeated on equal numbers of similar cases, 
the chances would be equal that the differences between the two aver- 
ages would be greater or less than 0.13 mm. The actual difference’ 
between the two averages here considered is 0.39 mm., or three times 
the probable difference. It can be shown 0 that there is about one 
chance in twenty-one that two averages as far apart as these have 
been derived from the same kind of material, that is, that the differ- 
ences are due to errors of sampling alone. This would lend a very 
fair degree of probability to the idea that a real difference in the 
tendency to react to cutaneous trauma exists between those who have 
had typhoid fever and those who have not, if it were not for the fact 
that the two averages 4.2 and 3.81 were selected for comparison 
because they are respectively the highest and the lowest among the 
seven figures under consideration. A simple calculation shows that if 
two out of these seven averages were picked without selection there is 
exactly one chance in twenty-one that these particular two averages 
would have been taken. The conclusion, therefore, is that the differ- 
ence between these averages is exactly what should be expected to 
result splely from the variability in the material; in fact, they are 
nearer the variations theoretically to be expected from “errors of 
sampling” than one would have any right to anticipate. 

There is, of course, no reason to expect that one class of these 
subjects would react more to simple trauma than another class; and 
these average reactions have been dwelt on because they illustrate so 
well the mistakes frequently made, particularly in medical literature, 
in interpreting averages. Differences which superficially seem very 
striking and significant may often, as in this case, be shown to be 
entirely devoid of meaning, if the trouble is taken to examine in the 
manner here illustrated the material from which they are derived. 

As might be expected, similar calculations show that among the 
reactions to the various control powders the differences between the 

5. “The probable difference between two averages, Ai and A;, of which the 
probable errors Ei and E : are known, is the- square root of the sum of the 
squared probable errors" (Davenport, Footnote to Table 1). 

6. Davenport, Footnote to Table 1. 
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tive. There was slight irregular thickening of the cortex at the lateral and 
outer aspect of the middle portion of the fifth metatarsal bone on the right 
side and to a much lesser degree on that of the left side. There was a point- 
like exostosis at the lateral and outer aspect of the head of the first metatarsal 
hone on. the right side. The rest of the hones and joints of the feet were 
negative. There was a layer of new bone at the lateral and inner aspect of 
both tibiae, beginning just above the malleoli and extending upward 5 cm. 
There was marked irregularity at the lateral aspects of both tibiae and fibulae 
along the tibiofibular joint, extending upward about 3 cm., especially along 
the tibiae. There was evidence of moderate amount of rarefaction in the 
middle and upper portion of the right fibula. 

The pathologic report gave an anatomic diagnosis of chronic ulcerative pul- 
monary tuberculosis, tuberculosis laryngitis and tracheitis with ulceration, tuber- 
culous ulcer of the rectum, miliary tubercles of the lungs, chronic adhesive 
pleuritis, ossified periostitis, chronic adhesive pericarditis, atheromatous change 
in pulmonary arteries, dilatation and hypertrophy of right auricle and ventricle, 
edema of the skin and mesentery, ascites, bilateral hydrothorax, chronic passive 
congestion of the liver, thrombosis of left suprarenal vein and of a branch of the 
left pulmonary artery. 

Microscopically a section of the various bones (fibula, tibia, radius, ulna, 
fifth metatarsal, terminal phalanx, middle finger, in the areas corresponding to 
Roentgen-ray changes) revealed a constant abnormality. There were masses 
of new bone within the periosteum, separating it from the old bone. This 
new bone was irregular in distribution and was composed of numerous osteo- 
blasts imbedded in a homogeneous matrix, similar to the old bone in general, 
but not so prominently laminated. The bone marrow was fatty; the process 
was best seen in the lower end of the radius and tibia. A section of the lower 
end of the radius showed the periosteum invaded by irregular masses of new 
bone. This new bone' was irregular in distribution and was composed of 
numerous osteoblasts embedded in a homogeneous matrix similar to the old 
bone. It likewise showed lamination, not, however, as prominently . as the 
older bone. This ossifying process was seen in all portions of the periosteum 
in the section. At the lower end of the tibia the periosteum everywhere 
showed a similar ossifying process to that described above. 

I wish to express my thanks and appreciation to Dr. Scholz of the Roentgen- 
ray Department at Montefiore Hospital for his careful work done in tins 
connection. 
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Witte’s peptone being used. They show less contrast between immunes 
and nonimmunes and between those who had had but one course of 
vaccination and those who had had more than one course. 

The last row (H) in Table 5, which shows the general averages 
for all the groups, is interesting in that it exhibits independently of 
specific differences among the groups of individuals (which differences 
have been shown to play a very minor role in the total reaction) the 
approximate proportions of these cutaneous reactions which are due 
to individual factors. Mechanical trauma alone is accountable for an 
areola with average diameter of 3.88 mm., that is, 1.38 mm. in excess 
of the width of the chisel. The material in the control powder 
increases the diameter of the area of redness by from 9 to 21 per cent., 
and the material from the typhoid organisms, together with that from 
the culture mediums, produces an additional 33 to 57 per cent, increase 
over the control inoculation. Compared with this, 33 to 57 per cent, 
average difference between the control and the typhoidin spot diameters 
is less than 15 per cent, difference between the average typhoidin 
quotients of immunes and nonimmunes. In other words , ivhat may be 
termed the nonspecific toxicity of typhoidin has three or more times 
as much influence on the results of the reaction as any specific differ- 
ences among the subjects related to their previous experience with 
typhoid infection or vaccination. 

This nonspecific toxicity may be due to the material of the typhoid 
organisms themselves or to bodies which they have split off from the 
proteins of the culture mediums. Whatever substances are responsible 
for it, it seems clear that this nonspecific toxicity, itself undoubtedly 
quite variable in its effects on different persons, is the thing that almost 
completely overshadows the specific part of the reaction and makes 
impossible any reliance on the test for individual cases. And until 
some way is found of very much reducing this disturbing element in 
the reaction (possibly by changes in the technic of preparation of the 
typhoidin or by adopting some other criterion for determining the 
results than the diameters of the twenty-four-hour areolae), little can 
be hoped from any use of the test. It must be remembered, also, that 
even if this alteration were accomplished, more evidence would still 
be needed to show that the specific reaction was definitely connected in 
a quantitative way with immunity to typhoid fever, and that the two 
things were not simply usually or occasionally associated. 

INTRACUTANEOUS TYPHOIDIN TESTS 

So far the intracutaneous technic has not proved itself better for 
typhoidin 7 than the Pirquet cutaneous method introduced by Gay and 


7. Austrian and Bloomfield: The Archives Int. Med., 1916, 17 , 663. 
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the lesults of the test other than differences in typhoid immunity. 
Also, the dry typhoidin had been substituted for the aqueous solution 
previously used, because it was thought that the latter deteriorated 
rapidly . 3 The question now should be answered whether or not the 
dry powder, possibly because it is slightly hygroscopic, loses potency 
on standing. 

In order to determine the sources of variability of the test other 
than differences in immunity, the personal equation in making the 
measurements has been investigated, as well as variations in other 
factors, such as the mechanical trauma and the amount 'of the appli- 
cations absorbed. In order to test the keeping qualities of the dry 
typhoidin an old preparation of it has been compared with a new 
preparation on a new series of cases. At the same time advantage 
was taken of the opportunity to compare several different preparations 
of typhoidin. 

The technic was the ordinary Pirquet technic heretofore described . 1 

SOURCES OF ERROR IN THE APPLICATION AND READING OF THE 
TYPHOIDIN CUTANEOUS TEST 

The Personal Equation of the Observer in Measuring the Areolae. 
— In order to determine the variation to be expected among these 
cutaneous reaction determinations on account of the personal . factor 
of the observers alone, a pair of one-day old areolae (one spot inocu- 
lated with “T 4 (new)” and the other with the corresponding control 
powder, described later, were measured successively forty-one times 
by as many different persons (twenty-nine physicians and twelve med- 
ical students) in the University Hospital, all the measurements being 
made in one forenoon and under the same conditions of light as nearly 
as possible. The subjects of the experiment used a pair of draftsman’s 
compasses and the measurements therefrom were then transferred to 
a millimeter §cale. Possibly on account of the exposure of the arm, 
during the first few measurements both areolae seemed to increase 
somewhat in diameter, according to both my own measurements and 
those of the others. The measurements of the first six subjects were 
therefore thrown out, and the results of thirty-five only are included 
in Table l. 

Although each person was instructed to set the calipers to the 
extreme limits of the areolae which he could see, it is apparent from 
the table that there was great variation among the measurements by 
different ones; and this is inevitable from the fact that these areolae 
are not sharply limited at the periphery, but fade gradually. T e 

3. Gay, Frederick P., and Claypole, Edith J.: An Experimental Study of 
Methods of Prophylactic Immunization Against Typhoid Fever, The chive 
Int. Med., 1914, 14 , 671. 
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or about 5 per cent., of the general average of the quotients. When 
the same measurements are made by the same individual during the 
course of a forenoon, changes either in the observer or in the areolae 
or both result in a probable error among the v quotients of 0.28, or about 
8 per cent. This represents most nearly the amount of variation to be 
expected from measurement errors in a series of cases observed by 
one person. If the readings of a number of observers made on one 
pair of areolae during one forenoon are compared, the probable devia- 
tion of the typhoidin quotients from the average of the group is 0.4, 
or 12 per cent, of the average. In addition to variations in measuring 
the areolae, other discrepancies are connected with the application of 
the trauma and the inoculations. A rapid series of readings by one 
observer of a number of tests applied on the same subject yielded a 
probable error of the quotients of 0.24, or about 11 per cent, of the 
average quotient. The difference between this result and the 5 per 
cent, when the same experiment was performed with one pair of 
areolae is 6 per cent. 

In other words, each of the following factors contributes to the 
inaccuracies in the readings in about the proportion given: 

1. Indefiniteness in areola outlines, 5 per cent. 

2. Effect of scattering the readings over several hours, 3 per cent. 

3. Effect of participation by many observers, 4 per cent. 

4. Effect of variations in the trauma, etc., 6 per cent. 

CONCLUSIONS 

1. A second series of cases has emphasized the total unreliability 
of the cutaneous typhoidin test in its present state of development as 
an index of typhoid immunity in persons and the need for much 
caution in interpreting its results even in a considerable series of cases. 
The reasons for this unreliability appear to be, first, unavoidable varia- 
tions in the application of the test; second, indefiniteness of the read- 
ings, and, third, , and most important, the relatively large amount of 
nonspecific reaction which is produced, by typhoidin — upward of three 
times the amount that can be attributed to specific differences among 
the subjects. 

2. In varying degrees, similar sources of inaccuracy undoubtedly 
exist for other cutaneous tests, and should be investigated. 

3. The dried typhoidin is little affected by age. 

4. The typhoidin test when applied intracutaneously in a dilution 
of 1 to 100 and read twenty-four hours later is valueless. 
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tice always to measure the diameter of the outermost blush that can 
be seen. But in so doing it is recognized that the measurements prob- 
ably do not always represent corresponding degrees of the same bio- 
logic process. For all gradations of the double areola described above 
are encountered, from the well-marked outer blush to one which is 
scarcely visible; and there is no doubt that among the cases in which 
but one areola is observed are some which correspond to the inner 
brighter areola of the double type. That is, it may well be that the 
faint outer blush is really present, but is concealed in these cases by 
the heavier epidermis, or that it involves a deeper set of capillaries so 
that it escapes observation and measurement. • It is also true, however, 
that the cases with the double areola, and hence with the high typhoidin 
quotients, are the ones which all would agree showed a very “strong 
reaction.” 

In the investigation of a series of cases (to which, as has already 
been intimated, the use of the test should be confined) it is reasonable 
to expect that if the measurements were all made by one observer they 
would be more consistent. To determine the variation among my 
own readings I measured during the same forenoon the same two 
areolae described above once for each measurement by the other 
observers. Omitting, as before, the first six figures, the results for the 
last thirty-five are shown in Table 2. 


TABLE 2. — Measurements of One Pair of Areolae Thirty-Five Times by 
One Person During One Forenoon 



Mean 

Probable 

Error 

1 

Lowest 

Highest 

Theoretical 

Limits 


21.9 mm. 

+1.07 mm. 

19 mm. 

25.2 mm. 

i 17.2 to 26.7 mm. 

Control 

6.03 mm. 

+0.12 mm. 

5 mm. 

7.5 mm. 

i ■ 

4.2 to 7.9 mm. 

Typhoidin quotient j 

3.65 

±0.28 

3 

1.82 

2.4 to 4.9 


The probable errors, which may be taken as measures of the incon- 
sistency in these readings, are about half as great in Table 2 as m 
Table 1. In other words , about half the uncertainty connected with 
these measurements is due to differences in the separate standards of 
observers , and can be eliminated in a series of observations if they 
are all made by one worker. 

That the discrepancy among these measurements is largely due to 
causes which vary- from hour to hour is shown by the considerably 
better results when I measured a similar pair of areolae an equal num 
ber of times but in quick succession during a half hour. These results 
are shown in Table 3. 
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reports of symptoms and temperatures following injections, and the 
following comparison is shown by the records : 



Army Vaccine (1912) 

Sensitized Vaccine (1913) 

Local Reaction 

Per 

No. 

Per 

No. 

Cent. 

Reports 

Cent. 

Reports 

Slight or zero 

86.6 

157 

99.4 

172 

Moderate 

9.4 

17 

0.6 

1 

Severe 

4.0 

7 

0.0 

0 


100 

181 

100 

173 

General Reaction 

Slight or zero 

94.0 

160 

99.3 

140 

Severe 

6.0 

10 

0.7 

1 


100 

170 

100 

141 

Highest Temperature 

36.5 to 37.4 C 

93.8 

167 

97.6 

167 

37.5 to 38.4 C 

4.5 

8 

1.2 

2 

38.5 to 39.5 C 

1.7 

3 

1.2 

2 


100 

178 

100 

171 


This comparison, while speaking for the milder reactions following 
inoculation of the sensitized vaccine, was not considered conclusive for 
the reason that the conditions were not exactly the same both years. 
A greater proportion of the subjects in 1913 were men, and at that time 
the word was out that the reactions were expected to be milder than 
the year before. Moreover, the dosage of the sensitized vaccine, 
according to the method of preparation at that time, amounted to about 
one-third less than the dosage now employed, that is, it was approxi- 
mately 500 million to the cubic centimeter. 

Last year, therefore, at the suggestion of Professor Gay .and Dr. 
W. A. Sawyer, 4 director of the State Hygienic Laboratory, it was 
decided to reinvestigate the subject of reaction severity for the two 
methods under exactly parallel conditions; and also to attempt a 
measurement of the relative efficiency of the two types of vaccination, 
as gaged by the cutaneous typhoidin test. 

The army vaccine used was a fresh supply from Washington 
obtained through' the courtesy of Capt. Henry J. Nichols of the Let- 
terman General Hospital. It was administered within about six to 
eight weeks after the date of its manufacture. 5 The sensitized vaccine 

4. Since this work was begun an important report has been contributed by 
Sawyer (Jour. Am. Med. Assn., 1915, 65, 1413), who collected from physicians 
in California data concerning 4,967 persons vaccinated with sensitized vaccine 
and 2,906 who had been given other vaccines of the general type corresponding 
to the Army and Navy preparation. Contrary to expectations, the average 
clinical impressions concerning reaction severity showed no decided difference 
between the two types of preparation. 

5. Nichols (Jour. Exper. Med., 1915, 22, 780) has reported an apparent 
relation between the age of the vaccine and its toxicity. 
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areolae were divided into pairs, one test spot and one control, for the 
purpose of forming typhoidin quotients. 

On inspection of both the control and the inoculated spots a certain 
amount of variation was very evident, which is reflected in the results 
of the measurements shown in Table 4. 


TABLE 4. — Measurements of Fifty Pairs of Areolae on One Subject Ma de; 
by One Observer During One-Half Hour 


i 

f Mean 

1 

Probable 

Error 

lowest 

Highest 

Theoretical 

Limits 

Control 

4.97 mm. 

0.3S mm. 

3.7 mm. 


3.29 to 0.65 mm. 

Typhoidin 

10.16 mm. 

0.87 mm. 

7 mm. 


0.31 to 14.01 mm. 

Quotient 

2.07 

0.24 

1.25 

2.72 

1.03 to 3.11 

Possible quotient* 




1.11 

3.4 



* Obtained respectively by dividing tho greatest test spot diameter by the smallest control 
and vice versa. 


As these measurements were made in quick' succession, they are 
to be compared with Table 3 to show the added influence of variations 
connected with the application of the test. The fact that the greatest 
difference between the probable errors in the two tables happens in 
the case of the uninoculated control spots suggests that much of the 
variation comes through the inability of the operator always to produce 
the same amount of trauma. It should be stated, however, that the 
control abrasions were made before those intended for inoculation, so 
that there was opportunity for the operator to better the standardiza- 
tion of 'his technic by the time he made the second fifty abrasions. 

PREPARATIONS OF TYPHOIDIN POWDER 

In order to test the keeping qualities of typhoidin powder and also, 
to compare several preparations of typhoidin, a new series of tests was 
undertaken on 103 students, nurses, physicians and others connected 
with the University of California Hospital and the Hooper Founda- 
tion for Medical Research. By using the ordinary Pirquet technic as 
before, nine circular abrasions were made on the arm of each subject, 
making them all as nearly as possible equal in depth (just short o 
bleeding) and on skin of as nearly as possible the same texture. ne 
spot was not inoculated, and was for the purpose of showing toe 
effects of the mechanical trauma alone. On each of the other eigi 
spots was rubbed a little of one of the following preparations. - 
' 1 “To (old)”: This typhoidin was described in a former com- 

munication. 1 It was prepared about eighteen or twenty months pre- 
viously in the department of pathology and bacteriology of the Umv 
sity of California, and had been kept meantime m a rubber-corkea, 
amber-colored bottle in the open laboratory. 
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(preparation and dosage of the vaccine, and interval of administration) 
the subjects were divided into four groups, as follows: Group 1 
received army vaccine at two-day intervals ; Group 2 the same at ten- 
day intervals; Group 3 received sensitized vaccine at two-day inter- 
vals; and Group 4 the same at ten-day intervals. 

The dosage for the army vaccine was always 0.5 c.c. (500 million) 
for the first dose and 1 c.c. for each of the other two doses ; and for 
the sensitized vaccine 1 c.c. (equivalent to about 750 million) at each 
of the three doses. These unequal doses of the two vaccines were 
given because it was desired to compare the methods as they are being 
used. 

Care was taken in forming the groups to have them all as equal 
as possible both in numbers and in composition, that is, containing 
approximately the same percentage of males and females, of those who 



Fig. 2. — The relation between the severity of local reactions and tempera- 
ture reactions following vaccination. The facts shown may be expressed thus: 
Among twenty-four subjects whose local reactions following the three inocu- 
lations averaged from 5 to 7 the average of highest recorded temperature fol- 
lowing the three inoculations was 37.35 C. ; among twenty-six subjects, etc. 

had previously had typhoid fever or antityphoid vaccination and of 
those who had not, of nurses, of medical students, of dental and phar- 
maceutical students and of institutional help. The administration to 
all four groups was started at the same time, and the subjects were 
not told which vaccine they were receiving. 

Thermometers were supplied and all were required to keep a tem- 
perature record, recording the readings as nearly as possible every 
three hours. Inasmuch as our experience has led us to suspect a con- 
siderable amount of suggestion in the reports of symptoms following 
vaccination, it was decided to use the temperature records alone as a 
basis for estimating the severity of the general reactions. In thus 
limiting the analysis it is of course recognized that the temperature is 
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TABLE 5— Results of Typhoidin Tests on a Series of Cases 




Unin- 

ocu- 

Control Inocu- 
lations 


Typhoidin Quotient 


Group 

Classification of 











Subjects 

Areolu, 

O2 

Or 


Ta 

Tr 



■ 




Jim. 

(old) 

(now) 

Ca 

(old) 

(new) 

Tt 

Ta 

D 

T ' 

A 

17 who gave his- 

4.2 

1.33 

1.18 

iUs 

1.53 

1.65 

1.28 1 

1.44 

1.6 

1.5 


tory of typhoid 







fever 

±0.11 

±0.09 

±0.04 


±0.07' 

! 

±0.07 

±0.03 

±0.07 

±0.05 

±0.04 

B 

23 who had had 

3.99 

1.25 

1.13 

1.23 

•1 

1.38 1 

1.51 

1.35 

1.42 : 

1.42 

1.41 


army vaccine 












±0.07 

±0.03 

±0.04 


±0.03 

±0.04 


±0.05 

±0.04 

±0.03 

0 

3S who had had 

4.11 

1.19 

1.1 

1.2 

1.51 

1.57 

1.28 

1.4 

1.0 

1.47 


sensitized vac- 







— 

cine 

±0.03 

±0.02 

±0.02 

SH 


±0.01 1 

1 


±0.04 

±0.04 

1 

±0.03 

D 

73 who had had 


1.18 

1.07 

1.2 

1.51 

1.0 

1.33 

1.45 

1.57 j 

1.46 


typhoid* or vac- 










] 

cine* of eiither 
kind 

±0.05 

±0.02 

±0.01 

±0.02 



±0.02 

±0.03 

1 

±0.03 

±0.01 

E 

23 who had hud 

3.81 

1.32 

! 

1.17 

1.20 



1.3 

1.41 

1.48 

1.41 


neither typhoid 
nor vaccine 

±0.07 

1 

±0.05 

±0.03 

±0.05 



±0.04 

±0.05 

±0.02 

±0.04 

E 

32 who had had 

4.2 

• 

l 1.10 

1.12 

1.17 



1.31 

1.4 

1.52 

1.42 


. but one course 
of immunization 

±0.05 

±0.02 

1 

±0.03 

±0.03 




±0.05 

±0.05 

±0.03 

gT~1 

29 who hud had 

3.9 

1.20 

1.11 

lltj 



1.31 

1.42 

1.53 

1.48 


more than one 
course of immu- 
nization 

±0.00 

±0.03 

±0.02 




±0.04 

±0.04 

±0.04 

±0.03 

H 

General uveruges 

3 .38 

1.2 

1.09 



1.57 

1.33 

1.44 

1.55 

1.45 


for ail subjects 

+0.0-1 

1 

±0.02 

±0.02 

±0.02 | 


±0.02 

±0.03 

±0.03 

±0.03 

±0.02 


* History of typhoid fever at any time or antityphoid vaccination within the preceding 
ten months. 


The first column in Table 5 shows the averages of measurements of 
the uninoculated spots. The lowest average, 3.81 mm., is in the group 
with negative history, the highest, 4.2 mm., is in the group of those 
who had had one course of typhoid immunization and also in the 
typhoid group. The suggestion from these averages is that those who 
have had typhoid fever or one course of vaccination tend to react 
more than others to mechanical trauma of the skin. Such a conclusion 
should never be drawn from averages, however, without first taking 
into consideration the number of the variables from which the avera 0 es 
are drawn and the amount of variation among them, and accordingly 
the possibility that the differences observed between the averages may 
be the result merely of "fluctuations of sampling.” The amount of 
variation (relative to the number of observations) among the variables 
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Before receiving the first dose of vaccine, each subject was given a 
typhoidin skin test, using the dry typhoidin powder according to the 
technic previously described. 0 Two weeks after beginning the vaccine 
administration the test was repeated; and again at three weeks, four 
weeks, five weeks, and from eight to ten months after the first dose of 
vaccine. The results of these tests were always read after about 
twenty-four hours and recorded not as merely "positive" or "negative" 
but as "typhoidin quotients,” 0 that is, the diameter of the typhoidin 
areola divided by that of the control. The technic was kept as uniform 



Fig. 4. — The relation of the interval between inoculations to the severity of 
the reactions. Dots and circles have the same significance as in Figure 1. Solid 
lines indicate ten-day schedule, broken lines two-day schedule. 

as possible throughout the series of tests, and the same stock of 
typhoidin and control powders was used throughout. The measure- 
ments were made with a machinist’s gage, and usually without knowing 
to which group the subject belonged. 

. 1. Relation Between Typhoidin Tests and Severity ,of Subsequent 
Vaccination Reactions, — For showing this relation the record, cards 


6. Kilgore: The Archives Int. Med., 1916, 17, 25. 
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averages for different groups of individuals, though at first suggestive 
of differences between the groups, are not large enough in relation to 
their probable errors to be at all significant. Some of the greatest 
differences, moreover, are between groups D and E; and, since these 
average quotients depend on the measurements of the uninoculated 
spots, which formed the divisors, the average difference between these- 
measurements in these two groups practically accounts for the differ- 
ences between the quotients. The general averages for all groups (H) 
shoAV only minor differences between the control powders, which are 
easily chargeable to fluctuations of sampling. 

Unfortunately for the usefulness of the typhoidin test, the 
typhoidin quotients (last five columns of Table 5) show no greater 
relative group differences than the control reactions or the uninocu- 
lated spots. It would have to be admitted, therefore, that these results 
were well within the limits of experimental error and might be entirely 
without significance of typhoid immunity if it were not for the fact 
that the results with the different preparations agree among them- 
selves and with those of a previous series 1 as well as with the observa- 
tions of other observers. 2 A further suggestion that the typhoidin test 
bears some relation to typhoid immunity is found in a comparison of 
groups F and G. Those who have had two or more courses of typhoid 
immunization show slightly higher quotients than those who have had 
but one course ; and this is true with all the preparations of typhoidin 
except “T 7 .” in which case the two averages are equal. 

The different preparations of typhoidin show only minor differences 
in the results. The old preparation, “T 2 (old)/' shows slightly but 
only slightly less contrast between the groups of immunes and non- 
immunes than the corresponding “T* (new)/' which was freshly pre- 
pared; and the general average in all classes was a little greater with 
the new preparation. If these averages were based on thousands of 
observations instead of on one hundred, they would undoubtedly indi- 
cate that over a period of two years the dried typhoidin loses a small 
part of a weak ability it had at the outset to call forth a specific reac- 
tion, and that it also loses some of its original nonspecific toxicity. The 
figures as they stand, showing small contrasts in proportion to then- 
probable errors, can only be interpreted as suggesting that typhoidin 
undergoes these changes with age. It can be said quite definitely, 
however, that the changes with age are not great. . 

' As to the other preparations of typhoidin which were tried, 7 
(mixed strains, Witte's peptone), “T 3 ” (Rawlings stiain, Chapoteaut 
peptone), “T 3 ” (Dorset strain, Chapoteaut peptone), it will be seen y 
comparing groups D and E and groups F and G in Table 5 that so 
far as these figures can be relied on, these preparations appear to be 
inferior to “T 4 (new),” which was prepared from Dorset strain, 
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with the lowest typhoidin quotients ; that is, if the typhoidin quotient is 
regarded as a quantitative index of immunity against typhoid fever, 
the least discomfort from antityphoid vaccination was experienced by 
those most in need of protection. The severest local reactions occurred 
usually in those with highest typhoidin quotients. It will be noted, 
however, that the average of highest temperatures occurred in subjects 
with typhoidin quotients of midvalues, that is, from 1.34 to 1.66, and 
that no marked difference in this relation appears between the expe-. 
rience of those who took army vaccine and those who were given sen- 
sitized vaccine. Possibly in a larger series the highest average tem- 
peratures would be found associated with the largest preliminary 
typhoidin quotients. 7 

2. Relation Between the Severity of the Local and Temperature 
Reactions Following Vaccination. — On the other hand, we have no 
assurance that the local and constitutional reactions following vaccina- 



Fig. 6. — The relation between the severity of general reactions and the 
increase in typhoidin quotients during the next five weeks. Numbers at the left 
represent, percentage gain in typhoidin quotients over the quotient obtained in 
the previous test; those at the bottom indicate the averages of the highest 
temperatures recorded after each of the three inoculations in each subject. 

tion are due to the same allergic mechanism. The divergence of the 
curves representing general and local reactions in Figure 1 suggests a 
possible tendency for the severer local reactions to be more often asso- 
ciated with medium temperature. In order to test this association 
directly the subjects were divided into eight groups according to the 
average local reaction in each case following the vaccinations. As 
before, in each group the average temperature reaction was determined 
by averaging the highest temperatures recorded for each subject fol- 
lowing each of the three doses of vaccine, and then taking the mean of 
all these averages. It will be seen from Figure 2 that the apparent 

7. The general average of temperature reactions in the twenty-one subjects 
with preliminary typhoidin quotients of 1.67 or over is 0.42 C. According to 

the formula E. = ± 0.6745 -j= (Davenport : Statistical Methods with Special 

Reference to Biological Variation, John Wiley & Sons, New York, 1914) the 
probable error of this average is ± 0.09 C. It is obviously impossible, there- 
fore, to form any definite conclusions from the downward tendency toward 
the end of these curves. 
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Force. Our own experience with it was entirely disappointing, since 
in a series of ninety-one cases the reactions after twenty-four hours 
were just as pronounced (if anything a little more so) among those 
with negative history as among the groups which had had typhoid fever 
or prophylactic inoculations. Our experiments, while not conclusive, 
in that only one strength of typhoidin solution was used for the injec- 
tions (1 to 100 of “T* (new)/ 5 evidently a much too strong solution) 
and only the diameters of the twenty-four-hour areolae were measured, 
left us with the feeling that little is to be expected from typhoidin 
applied by any technic unless some way can be found to overcome the 
large nonspecific reaction which it produces. The suggestion of Pulay 3 
to interpret the reactions according to their persistence rather than the 
diameters of the areolae should be further investigated; and work to 
this end is soon to be reported by Force from the department of hygiene 
of this university. 0 

COMMENT AND SUMMARY 

The facts brought out in this study indicate even more strongly 
than those formerly reported 1 that the cutaneous typhoidin test should 
not be relied on as an index of immunity in individual cases, and that 
even in a study of groups of cases its results need to be considered 
with much conservatism. The use of “typhoidin quotients’ 5 and of 
statistical methods of analyzing them, while throwing light on the 
shortcomings of the typhoidin test, are in no way responsible for them, 
for although the uncertainties in measuring the areolae, which have 
been analyzed in this report, have been found to be very considerable, 
there is no reason for supposing that they are greater in any way than 
the uncertainties involved in simply judging the result of a skin test. 
After the measurements are made, the mathematical methods of dealing 
with them (as previously explained 1 ) are practically identical with the 
subconscious methods involved in the formation of judgments as to 
the results of the test, but are of course free from all further vagaries 
involved in such judgments. It is again urged that similar methods 
of study should be applied to other cutaneous tests in order to ascertain 
much more definitely the amount of reliance which can be placed on 

them. _ 

These studies concerning the amount of inaccuracies in reading the 

cutaneous typhoidin reactions may be presumed to represent very 
nearly the conditions which exist for other similar cutaneous diag- 
nostic tests, and may be summarized as follows: When a single pair 
of areolae were measured many times in rapid succession by one indi- 
vidual, the resulting typhoidin quotients have a probable error o . j 


8. Pulay, E.: Wien. klin. Wchnschr., 

9. Force, J. N., and Stevens, Ida M.: 
Archives Int. Med., to be published. 


1915 , 28 , 1189 . 

Further Studies on Typhoidin, The 
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vious experience is counted as 100 per cent., the general reactions at' the 
present time averaged 197 per cent, and the local reactions 433 per cent. 
These figures express the general impression noted above, but they 
are necessarily very rough estimates, and it is conjectural how much 
the comparisons have been warped by the soothing influence of time 
and the freshness of the recent sting. 

Also, from the relation described above of the reaction severity to 
the preceding typhoidin test, it would be expected that the less severe 
reactions would occur in those with negative history, especially since 
it has been shown 6 that the typhoidin test does bear a certain relation to 
the previous history of typhoid fever or vaccination. In the present 
experiments, however, the comparison of the average reactions of 
forty-eight subjects with negative history and of thirty-seven who 
had received antityphoid vaccination within the previous three years, 
or who had had typhoid fever, is as follows : 

Mean of Mean of 

Highest Tem- Local 

peratures, C. Reaction 

Negative history 37.33 7.3 

History of typhoid or vaccination 37.36 6.5 

The differences between these averages are too small for argument 
either way f and while the series is not Jarge enough to warrant final 
conclusions, it gives ground for strong suspicion that, other factors 
excluded, the supposedly greater average severity of symptoms follow- 
ing second vaccination is overrated, if it exists at all. After an inter- 
val of a year or two a number of subjects find a second immunization 
definitely less annoying. 

4. The Relation of the Vaccine Used to the Severity of Reactions. 
— For this comparison the first two groups, which received army vac- 
cine, were separated from the second two, which were given sensitized 
vaccine. Figure 3 (in which the symbols have the same meaning as in 
Figure 1) shows the relation of the local and general reactions follow- 
ing each of the three doses. Here again the results were contrary to 
our expectations, for in every instance except the local reactions fol- 
lowing the second dose the higher averages for both local and tem- 
perature reactions occurred in the group which received sensitized vac- 
cine. The differences, to be sure, are not very great, and in a larger 


9. In the second series (Footnote 8) were forty-six with negative history 
and seventeen who had had typhoid fever or antityphoid vaccination within 
three years. The reaction differences between these two groups are as follows:' 


Negative history group. ......... 

History of typhoid or vaccination 


Mean of Highest 
Temperatures, C. 
.... 37.44 
.... 37.53 


Mean of 
Local Reaction 
7.4 
8.7 


These differences, though slightly larger than in the first series and though 
they correspond with the prevailing notion of greater severity of second immu- 
nizations, are not large enough to modify essentially the opinions expressed above. 


A COMPARISON OF TWO' METHODS OF VACCINAT- 
ING AGAINST TYPHOID FEVER * 

- EUGENE S. KILGORE 

SAN FRANCISCO 


Of the fifteen or twenty recognized methods of immunizing against 
typhoid fever, 1 the one most commonly used in this country has been 
that employed in the United States Army, which consists of three 
injections at seven or ten day intervals, the first of 500 million and 
the second and third of 1 billion each of a heat-killed culture of a 
mild strain of typhoid bacillus. Another method which has been 
extensively used in California in the last three years is that introduced 
by Gay and Claypole. 2 This vaccine consists of alcohol-killed cultures 
of the typhoid organism which have previously been treated by an 
immune serum, a so-called sensitized vaccine. The cultures are then 
dried and ground, suspended in salt solution, and the' sediment redried, 
and weighed amounts are used in immunizing. Experimentally in rab- 
bits such a vaccine was thought to produce more permanent immunity 
than nonsensitized vaccine, and it was expected to give fewer unpleas- 
ant symptoms following human inoculation. 

In several hundred vaccinations of university students, Force 3 was 
convinced that the reactions were milder than with the vaccine pre- 
viously used ; and our experience in the University Hospital led us to 
the same belief. Thus, in the summer of 1912, sixty members of the 
University of California Hospital staff were vaccinated according to 
the United States Army plan with vaccine obtained through the cour- 
tesy of the Lett'erman General Hospital. The next year about seventy 
new subjects were vaccinated with sensitized vaccine according to the 
three-day interval plan, the vaccine being prepared in the University 
of California department of pathology and bacteriology under the 
direction of Professor Gay. Both years the attempt was made to get 


* Submitted for publication Aug. 19, 1916. . ,. 

* From the Department of Medicine of the University of California Medi- 


cal School. ■ 'j, . . 

1. Metchnikoff and Besredka: Ann. de l’Inst. Pasteur, 1911, 25, 193. trie - 

berger, in Kraus and Levaditi: Handbuch der Technik und Methode 
Immunitatsforschung, Fischer, 190S, 1, 722. Fornet, in Nolle and ^® ser 
Handbuch der pathologische Mikroorganismen, Ed. 2, Fischer, m*, 0 • 

Gay and Claypole: The Archives Int. Med., 1914, 14 , 671. 

2. Gay and Claypole: Footnote 1. 

3. Force: Am. Jour. Pub. Health, 1913, 3 , 750. 
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5. The Relation of the Interval Between Inoculations to the Severity 
of the Reactions . — For showing this relation, Groups 1 and 3 (forty- 
two subjects), in which vaccine was administered every other day, are 
compared with Groups 2 and 4 (forty-three subjects), in which the 
dosage interval was ten days. The comparison is shown in Figure 4, 
where the dots indicate temperature reactions, the circles local reac- 
tions, solid lines the ten-day schedule, and broken lines the two-day 
schedule. It will be seen that the general reaction following the first 
dose was a little more severe in the two-day group than in the ten-day 
group, a difference not to be accounted for by the difference in dosage 
interval which followed. Allowance for this difference should be 
made, therefore, in comparing the results of the second and third 
inoculations in the two groups. After making this allowance, however, 
a substantial difference remains in favor of the ten-day schedule as the 
more comfortable. 

The local reactions are approximately the same in the two groups 
for both the first and second inoculations, while following the third 
inoculation the two-day group, according to the measurements taken, 
had their severest reactions, and the ten-day group averaged consider- 
ably less. The practice was to vaccinate, about the insertion of the 
deltoid, the first time in the left arm, the second time in the right arm, 
and the third time in the left arm again. Fresh areas for inoculation 
were therefore used for the first and second doses, while for the third 
the first area was reinoculated. Thus in the two-day group the third 
injection was into an area which had been injected only four days 
previously; in the other group the interval was twenty days. This 
fact probably accounts for the difference in the local reactions follow- 
ing the third doses. 

It is quite possible, however, that these measurements of the 
increase in arm circumference and size of the red area (especially the 
latter) in the arms reinoculated after a four-day interval do not 
accurately represent the relative discomfort to the subjects. In fact, 
the average estimate of the subjects themselves was, not in agreement 
with this comparison of second and third local reactions. They were 
asked to state roughly in figures the relative severity of local and gen- 
eral symptoms following the three inoculations, taking the first as 100 
per cent. The results are shown in Figure 5, where the dots, circles 
and lines have the same significance as in Figure 4. It will be seen 
that .the estimates agree quite closely with the general reactions inter- 
preted in terms of the highest temperatures, the temperature reaction 
following the second dose being specially high in the two-day group. 
The second local reaction was most severe according to the average tes- 
timony of the two-day group. In the ten-day group the averages for 
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was that supplied by the State Hygienic Laboratory. This was also 
a fresh preparation, the manufacture of which was completed from six 
to ten weeks before administration. Care was taken to shake the 
vaccine before administration, and the usual precautions' against vac- 
cinating during menstruation or illness were observed. The injections 
were made subcutaneously about the insertion of the deltoid. The sub- 
jects consisted of nineteen nurses, twenty medical students, twenty- 
seven members of the staff and help in the University Hospital, and 
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Fig. 1. — The relation between the severity of the local and general reactions 
following antityphoid inoculation to the previous typhoidin quotients o 
subjects. The dots indicate temperature reactions, circles local reactions, 
lines those who received army vaccine, and broken lines 
sensitized vaccine. At the bottom are indicated the gra es ° ^ . above 37 

dents; the numbers at the left indicate tenths of a degree centigrade above 0 
for the temperature reactions and also grades of local 
the formula in the text. Numbers connected with the dots and l cure d 
numbers of individuals on which the corresponding average reactions are 

twenty dental and pharmaceutical students; fifty-three were men, 
thirty-two women, eighty-five in all, most of whom were young adults, 

a few middle aged. .. -.j- 

Since there are two chief differences between the two methods 
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Again there is no marked difference between the two-day and ten- 
day groups, but those who received sensitized vaccine now show con- 
siderably greater average gain in typhoidin quotients than those who 
were given army vaccine. 

This difference is not referable to differences in composition of the 
groups, for all contain about the same proportion of individuals who 
had received their first and only typhoid vaccination eight to ten 
months previously and those who had also had still earlier immuniza- 
tions (the latter comprised SO per cent, of the first two groups and 54 
per cent, of the second two groups). Moreover, the greater gain in 
typhoidin quotients among those who received sensitized vaccine cannot 
be accounted for by a closer relation in this group between the 
immunizing vaccine and the typhoidin. The strain of organism used in 
preparing the typhoidin was the Dorset strain, while the army vaccine 
is prepared from the Remling strain, and the sensitized vaccine from 
strains isolated from four cases in California. 


The table as it stands, therefore, suggests that sensitized vaccine 
is considerably more potent than army vaccine in producing well 
marked typhoidin skin tests eight to ten months after vaccination. 

Before a definite conclusion to this effect can be drawn, however, 
it is necessary to consider the amount of variation in the figures from 
which these averages are derived and the strength of the probabilities 
that similar differences would be present if the groups were much 
larger. The high average gain of 20 per cent, in Group 3 would be 
reduced to 9 per cent, by the omission of one remarkably high quotient 
caused by a very wide but faint outer areola about the test spot. 11 
The following table shows for each of the average typhoidin quotient 
gains its probable error and practical limits : 12 


Mean Gain in Prob. Error 
Typh. Quot,, % of Mean, % 


Group 1 -1 6 

Group 2 4.5 5 

Group 3 20 9 

Group 4 10 7 

Groups 1 and 2 (army vac.) 2 4 

Groups 3 and 4 (sens. vac.).. 15 6 


Practical Limits 
of Variation of 
Mean., % 

— 18 to 36 
— 17 to 25 

— 20 to 60 

— 21 to 41 
— 16 to 20 
— 10 to 40 


It will be seen that by this consideration of the probable errors and 
practical limits, what at first appeared to be a rather striking and 
definite difference in favor of the sensitized vaccine is shown to be 
easily within the territory of experimental error. Evidently it would 


11. Kilgore: Elsewhere in this number of this journal. 

12. That is, a range of six times the standard deviation, Footnote 9. 
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but one symptom, and that undoubtedly certain subjects are made quite 
uncomfortable without a corresponding elevation of temperature. It 
is equally true, however, that the fever group includes the vast majority 
of those who suffer anything more than slight malaise or body aches, 
and that practically all those with no symptoms have no rise of tem- 
perature. The temperature records were found to agree with the sub- 
jects’ valuation of their subjective symptoms when the results of the 
three inoculations were compared in these two ways (Figs. 4 and 5). 

Likewise, in recording the severity of local reactions, the usual 
terms “slight,” “moderate,” and “severe” were replaced by definite 
measurements of the size of the local area of redness and of the 



Fig, 3 . — The relation of the vaccine used to the severity of reactions. Dots, 
circles and lines have the same significance as in Figure 1. 

increase in circumference of the arm; even though. here again it may 
not always be true that the amount of local discomfort is commensu- 
rate with the swelling and redness. At the time of administering the 
vaccine the circumference of the relaxed and loosely hanging arm 
was measured at the level of the needle puncture, and the next day 
this measurement was repeated. With an ordinary reaction the arm 
increases from 3 to 10 mm. in circumference. In order to obtain a 
single figure to represent the local reaction, this circumference increase 
in millimeters was averaged with the diameter of the red area measured 
in centimeters, according to the following equation . 

Local r eaction — Va (10 X increase in arm circumferen ce + 

V longitudinal X transverse diameter of red area) 
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applied to groups gives a quantitative index of typhoid immunity, those 
who suffer least discomfort from the vaccination derive the greatest 
benefit from it. This of course is the result to be anticipated from 
observations already made. For the group which has the best chances 
of showing the greatest average gain in typhoidin quotient is obviously 
the group with the low preliminary quotients; and these are also 
(Fig. 1) the ones with the lesser reactions following vaccination. 

The numbers are not large enough to make profitable a separate 
comparison for the different vaccines or methods of administration. 

CONCLUSIONS 

Final conclusions are not warranted from the number of observa- 
tions in this series, especially since in some particulars they would be 
at variance not only with what seemed to be my own experience, but 
also with that of Gay, Force, and others. Since, however, some changes 
have been made in the dosage and preparation of the sensitized vaccine 
since our former impressions were received, and since more than the 
usual precautions were taken at this time to eliminate the personal 
equation in the results, the following findings may be put forth with the 
understanding that they are to be given weight only in accordance with 
the number of observations on which they are based : 

1. The higher the typhoidin quotient in a given person, the greater 
his chances of a severe reaction to antityphoid inoculation. 

2. The severer local reactions to vaccine tend to occur in those 
subjects with the higher temperature reactions. 

3. The supposedly more severe average reaction to antityphoid 
inoculation of subjects who have previously had the treatment is prob- 
ably overrated. 

4. The use of army vaccine or sensitized vaccine sediment if the 
preparations are fresh makes little if any difference in the average 
local and temperature reactions. 

5. When either type of vaccine is administered every other day the 
temperature reactions following the second and third doses are likely 
to be more severe than when the injections are ten days apart. A dif- 
ference in the local reactions is not so clear cut. The average impres- 
sion of the subjects vaccinated eveiy other day is that the second 
injection gave the greatest local and general discomfort and the third 
least. The average member of the ten-day group feels that both gen- 
eral and local reactions were less with each succeeding dose. 

6 : The typhoidin test failed to show any noteworthy differences in 
effectiveness between the two-day or ten-day schedules, and, in the 
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were arranged in the order of the typhoidin quotients at the beginning 
of the experiment, and on this basis separated into four classes with 
typhoidin quotients respectively 1.33 and under, 1.34 to 1.66, 1.67 to 
1.99, and 2 and over. In each of these divisions those who received 
army vaccine were separated from those who received sensitized vac- 
cine, and the average of the local reactions and of the general reactions 
determined, the reactions following all three doses being first averaged 



Fig, 5 , — Same as Figure 4 except that the subject’s estimates of their gen- 
eral and local reactions are used as the basis of comparison instead of tem- 
perature and arm measurements; the first reactions were taken by each subject 
as 100 per cent. 

together for each subject. The results are shown in Figure 1, where 
the dots indicate temperature reactions, circles local reactions, solid 
lines those who received army vaccine, and broken lines those who 
received sensitized vaccine. In this figure, as well as those which fol- 
low, the numbers opposite the dots and circles indicate the number oi 
persons on which the corresponding averages are based. It wi 
seen that the smallest local and general reactions occurred in those 



THE AGGLUTININS AND COMPLEMENT-FIXING ANTI- 
BODIES IN THE SERUM OF PERSONS VAC- 
CINATED AGAINST TYPHOID FEVER * 

K. F. MEYER and EUGENE S. KILGORE 

SAN FRANCISCO 

During the last few years numerous reports have appeared on 
the value of the Widal reaction in vaccinated persons. Most of these 
studies suffer from lack of uniformity of technic or from faulty con- 
clusions derived from a study of selected cases only. In the European 
armies the extensive use of typhoid vaccines of varying antigenic value 
and different modes of preparation has especially called forth numer- 
ous publications on the value of serologic tests as a means of ascertain- 
ing the grade of immunity present. Unfortunately, the results are not 
comparable on account of the diversity of the preparations and of the 
methods used in the different countries. Most of the writers consider 
only the agglutination test (their results will be discussed in connection 
with ours). Felke 1 and also Hage and Korff-Petersen , 2 however, 
report as well on the value of the complement fixation test; thus Felke 
claims to be able to distinguish patients who had had typhoid fever 
from those who had been vaccinated, by the absence of complement 
fixing antibodies in the serum of the latter. Nine months after the 
last vaccination, however, Hage and Korff-Petersen found in a few 
of the persons decided fixation of the complement. 

Wollstein 3 and Howell , 4 in this country, studied carefully the vari- 
ous immune bodies and in four patients and two patients, respectively, 
vaccinated with Russell's preparation, according to the United States 
Army method. Wade and McDaniel , 5 Moon , 0 Hamilton , 7 Riidiger 

* Submitted for publication Aug. 9, 1916. 

* From Jhe George Williams Hooper Foundation for Medical Research, and 
the Department of Medicine, University of California Medical School, San 
Francisco. 

1. Felke: Die Komplementablenkung als Reaktion zur Unterscheidung 
zwischen den Seren Typhuskranker und gegen Typhusgeimpfter, Miinchen. med. 
Wchnschr., 1915, 62, 578. 

2. Hage and Korff-Petersen: Typhusschutzimpfung und Typhusdiagnose, 
Deutsch. med. Wchnschr., 1915, 45, 1328. 

3. Wollstein, M. : The Duration of the Immune Bodies in the Blood after 
Antityphoid Inoculation, Jour. Exper. Med., 1916, 16 , 315. 

4. Howell, Katherine: Observations on the Production of Antibodies after 
Antityphoid Inoculation, Jour. Infect. Dis,, 1916, 19 , 63. 

5. Wade, E. M., and McDaniel, O. : Observations on the Widal Reaction 
Following the Administration of Typhoid Vaccine, Am. Jour. Pub. Health, 
1915, 5 , 136. 

6. Moon, V. H. : Experimental Immunity in Relation to the Agglutination 
Reaction in Typhoid, Jour. Am. Med. Assn., 1913, 60, 1764. 

7. Hamilton, C. D. : The Effect of Typhoid Vaccination on the Widal 
Reaction, Jour. Am. Med. Assn., 1915, 65, 1873. 
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tendency is for the highest temperatures to be associated with the 
severest local reactions and vice versa. 8 ' The apparent conflict between 
the facts represented by Figures 1 and 2 may easily be due to the 
paucity of observations. 

3. The Influence of Typhoid Fever or Vaccination on the Seventy 
of Reactions Following Subsequent Antityphoid Vaccination .— Not 
infrequently, on second vaccination, after an interval of one or two 
years the reaction is considerably more severe than at first; and the 
general impression has been that second vaccinations are likely to be 
much more disagreeable. Twenty-three subjects responded to a request 
to express roughly in figures the relative severity of their symptoms 
at this time and at the time of a previous vaccination. In nineteen out 
of this twenty-three the vaccination previously received was sensitized, 
and in only nine of them was the present administration of the same 
type. Some of these subjects had received their first vaccination when 
the method of preparing the sensitized vaccine made the dosage smaller 
than that now used. Analysis of these replies shows that if the pre- 



Fig. 7. — The relation between the severity of the local vaccination reactions 
and the gain in typhoidin quotient during the next five weeks. Same as 
Figure S except that the bottom numbers indicate grades of local reactions. 


8. Since this compilation was made another series of sixty-three persons 
have been vaccinated. They belonged to the same class of subjects; forty- 
eight were male and fifteen female, and all were inoculated in the course of 
one week. In the order in which they appeared for the first dose, every other 
one was given sensitized vaccine (No. 80S, manufacture completed four months 
previously) and every other one army vaccine (mostly'No. 171, manufacture of 
which was completed from four to five weeks previously, a few of the second 
and third doses being from ampules several months old). The subjects were 
not told which vaccine they were being given, and the records of temperatures 
and local reactions were kept and analyzed as before. Since it was telt tnat 
the effect of the inoculation interval was fairly well established (see fifth section 
of this paper), and it was necessary to finish the work shortly, all were 
vaccinated according to the rapid schedule, every other day, except in t irteen 
persons, for whom it was more convenient to take the last dose after an mterva 
of four days, that is, one week after the first dose. The figures from tins 
second series substantiate Figure 2, since the average of highest tempera ures 
of those with local reactions below 10 is 37.34 C.; of those with local reactions 
of 10 or over, 37.55 C. 
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three to eight months previously, and thirty-seven had been given 
sensitized vaccine 13 within the same time. The term “vaccination” 
as here used implies in all cases the full three inoculations. In the 
use of both types of vaccines about one-half the persons had been 
inoculated at intervals of three days and the others at ten-dav intervals. 
These dosage intervals are not specified in the tables herewith, for, 
as Cahn-Bronner 14 has recently shown, irregularity of vaccination has 
no influence on the formation of antibodies. 

AGGLUTINATION TESTS 

Method . — The use of a uniform, standardized antigen for com- 
parative tests is of the greatest importance. Dreyer and Walker 15 
and co-workers have clearly pointed out the fallacies of the old micro- 
scopic method and the unreliability of the agar suspensions, and for 
years it has been our practice to use broth cultures in tests with organ- 
isms of the paratyphoid group. 10 Liebig’s broth cultures of the typhoid 
bacillus were treated either with phenol (0.5 per cent.) or with for- 
maldehyd solution (0.1 per cent.) and carefully standardized with 
rabbit immune serums. Liebig’s broth, obtained from one and the 
same lot of preparations and having a reaction of 0.85 per cent. 
(p H + 7.2 ) was used. All the strains of Bacillus typhosus had been 
previously subcultivated in Liebig’s broth daily for two weeks. The 
typhoid strains employed' included the army strain (Rawlings), and 
four others (M., L., B., and Sch.), which were known to be present 
in the sensitized vaccine sediment. Separate series for each strain 
were set up and the average agglutination titer was calculated from the 
five agglutination reactions of each serum. This average is given in 
the tabulated results. , 

Fresh and perfectly clear serum from proper dilutions in amounts 
varying from 0.1 to 0.01 c.c. was introduced with capillary pipets into 
narrow, suspended tubes, and to each 1 c.c. of the standardized antigen 
was added. After carefully shaking, the tubes were incubated for 
two hours at 3 7 C., and the results noted. Final readings, however, 
were made only after an interval of twelve hours. In the tables is 
recorded only complete agglutination in twelve hours with a perfectly 
clear, supernatant fluid. 

13. The regular product ' supplied during the last three years by the Cali- 
fornia State Hygienic Laboratory.- 

14. Cahn-Bronner, C. E. : Typhus Schutzimpfung und Typhusdiagnose. bei 
Geimpften, Med. Klin., 1915, 11> 964. 

15. Dreyer, Georges: Widal’s Reaction with Sterilized Cultures, Jour. Path, 
and Bacteriol., 1909, 13 , 332. Walker, E. W. Ainley: A Note on Widal’s 
Reaction with Standardized Agglutinable Cultures, Lancet, London, 1916, 1, 17. 

16. Meyer, K. F., and Boerner, F. : Studies on the Etiology of Epizootic 
Abortion in Mares, Jour. Med. Research, 1913, 29, 325. 
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I 

series it is possible that the relation would be reversed . 10 Obviously, 
differences in the strains from which the vaccines are derived may 
also affect the toxicity. But after this comparison involving eighty- 
five cases about equally divided (forty-seven receiving army vaccine, 
thirty-eight sensitized vaccine) it is not to be presumed that a larger 
series inoculated with the vaccines here used would show the decided 
difference we had expected to find in favor of the sensitized vaccine. 
The higher dosage of the army vaccine has also to be taken into 
account. With fresh preparations, therefore, the uncomfortable effects 
of the two vaccines are probably about equal. 


10. In the second series (Footnote 8 ) the relation is reversed, thus: 

, First Dose — , , — Second Dose — , , — Third Dose — , 

Army V. Sens, V: Army V. Sens. V. Army V. Sens. V. 

Mean of highest temperatures 37.33 37.32 37.86 37.52 37.39 37 38 

Mean of local reactions 8.8 • 7.3 7.1 7 9,5 6.7 

The differences, it will be seen, are small, and do not warrant change in the 
deductions stated after the first series. If the two series are combined the 
results are as follows: 

, First Dose — \ , — Second Dose — , , — Third Dose — , 

Army V. Sens. V. Army V. Sens. V. Army V. Sens. V. 

Mean of highest temperatures.... 37.45 37.51 37.81 37.61 37.56 37.53 

Mean of local reactions 5 5.5 5.4 5.9 4.5 3.8 

As a measure of the variability of the material and hence of the reliability 
or “precision” of the results given by the averages exhibited in Figure 3, the 
probable errors and “standard deviations” were worked out for the tempera- 
ture averages following the first inoculation, using the formulae E oi M — 


±0.6745 7 ; and <r of M- 

V n 


I s - 

\V » 2 


(Davenport: Footnote 7). The probable 


error of the average of highest temperatures following first inoculations of sensi- 
tized vaccine was found to be ± 0.038 -J- C., that is, the average of 37.39 C. 
for these thirty-eight subjects has about equal chances of being nearer or 
farther than 0.038 C. from the truth, as it would have been established by many 
thousands of observations. The corresponding probable error for the group 
of forty-seven w ho receive d army vaccine is 0.027 C. According to the for- 
mula Ai — A;=VEi 2 + E/ (Davenport: Footnote 7), the probable difference 
between the two averages is 0.047 C. It will be seen that these probable errors 
are not large in comparison with the separation of the two averages, a fact 
which creates a strong suspicion- that the sensitized vaccine used at this time 
was really more pyrogenic than the army vaccine. A definite conclusion to 
this effect should not be made, however, without a consideration of the possible 
error. It is known that in frequency distributions of the symmetrical or mod- 
erately symmetrical type, such as these temperature averages might be expected 
to form if the work here reported were repeated many times on fresh material 
of the same kind, a range of six times the standard deviation constitutes the 
practical limits of variation, that is, it includes about 99 per cent, of ah values 
oi the variable (Yule, G.: Introduction to the Theory of Statistics, Charles 
Griffin & Co., London). The standard deviations of these averages are respec- 
tively 0.025 and 0.018 C. Six times the larger of these (0.025) is 0 . 1 b U 
which is a little more than the difference between the two averages. 80 tha 
there is a possibility (though rather remote) that these two averages could have 
been derived from similar material; that is, that the showing of severer gen- 
eral reactions following the sensitized vaccine represents a simple fluctuation 
of sampling” and not a real difference in the effects of the two vaccmes. 
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vaccinated with Gay-Claypole 9 sensitized vaccine sediment from two 
to ten months previous to the test. For thirteen of them this vaccina- 
tion was the first and only typhoid immunization; the other nineteen 
had been immunized one or more times before with sensitized or army 
vaccine. 

This entire group shows a very low agglutination titer. Thus, 
only 14.2 per cent, agglutinate B. typhosus in a dilution of 1 to 100. 
Over 40 per cent, failed to agglutinate in a dilution of 1 to 40 and, 
from the records not tabulated, over 23 per cent, of the serums failed 
to agglutinate the typhoid bacillus even in a dilution of 1 to 20. In 
this respect the group shows analogies to Group 3, in which neither 
the history of typhoid fever nor previous typhoid inoculation was 
obtainable. Some irregular cases may show agglutination in higher 
dilutions; but, as will presently be shown, the same may also happen 
in the “negative history” group. 

The third group comprises sixteen persons who gave no history 
of antityphoid vaccination or typhoid fever. With our standardized 
typhoid antigen the serum of such an individual will rarely agglutinate 
in a dilution higher than 1 to 40; and this statement conforms well 
with the average of thousands of tests reported in the literature. 17 
It is well known that the agglutinability of the strains employed for 
such te$ts will influence the results. Our strains, no doubt, were 
easily agglutinated. The average of nearly 50 per cent, of the serums 
gave an agglutination in a dilution of less than 1 to 40 and about 10 
per cent, failed to agglutinate the typhoid bacillus. One case, with 
a negative history, gave an agglutination of 1 to 80 and a marked 
complement fixation, together with a very high typhoidin quotient 
(2.29). In view of the undoubtedly large number of undiscovered 
cases of typhoid fever, 1S it is not improbable that if the facts were 
known, this case would be classed in Group 4 with the typhoid recov- 
eries. 

The fourth group includes ten subjects who gave a definite history 
of having had typhoid fever from three and one-half to twenty-five 
years before. The serums of this group behaved, in many respects, 
like those of Group 3. Thus, the percentage of agglutination is low, 
only about 40 per cent, of the serums giving negative reactions, or 
agglutinating in dilutions below 1 to 40. In only two cases was a posi- 
tive result noted in a dilution of 1 to 80; both of these subjects had 
typhoid fever from ten to twelve years previously. In some persons 
therefore, the agglutination titer apparently persists for a long period 

17. Fornet, W. : Immunitat bei Typhus, Ivolle-Wassermann Handbuch d. 
pathogenen Mikroorganismen, Ed. 2, G. Fischer, Jena, 1914, 3, 845 . 

18. Sawyer, Wilbur A. : Ninety-Three Persons Infected by a Typhoid Carrier 
at a Public Dinner, Jour. Am. Med. Assn., 1914, 63, 1537. 
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both local and general reactions were thought to become less severe 
with each succeeding dose. The averages of the general reactions fol- 
lowing the first dose are less than 100 per cent., because in some cases 
no general symptoms were noted at this time, and the reaction was, 
therefore, rated 0 per cent. In such cases, if any symptoms followed 
the second dose it was then called 100 per cent. 

6.. The Influence of the Vaccine Used and of the Dosage Interval 
on the Extent and Rapidity of Immunity Production . — It was hoped to 
obtain from the successive cutaneous typhoidin tests following vacci- 
nation some indication of which vaccine and which dosage interval 
produced immunity the more promptly or certainly. For the purposes 
of this comparison the typhoidin quotients obtained in these tests were 
expressed as percentage gains or losses, as compared with the pre- 
liminary typhoidin quotients. Thus, if the preliminary quotient was 
1.5 and one of the later quotients 2, the result was put down as 33 
per cent, gain, while if the later quotient was 1.25 there was a loss, 
which was recorded as — 17 per cent. The algebraic sum of these plus 
and minus percentages was divided by their number to obtain the aver- 
ages. 

The numbers not being large enough (owing to the closing of the 
school year, many of the later tests were not obtained) to make profit- 
able separate comparisons of the different weekly tests in each group, 
the results of second, third, fourth, and fifth weeks have all been 
averaged together and show the following comparisons : 

In Group 1 (army vac., 2-day interval) gain in quot. (av. of 40 tests) —13% 

In Group 2 (army vac., 10-day interval) gain in quot. (av. of 40 tests) — 3% 

In Group 3 (sens, vac., 2-day interval) gain in quot. (av. of 35 tests) — 5% 

In Group 4 (sens, vac., 10-day interval) gain in quot. (av. of 35 tests)— 11% 

The average gain for all those who received vaccine every other 
day was 9 per cent/, as compared with 7 per cent, for those on the ten- 
day schedule. The average for all those who received army vaccine 
was 8 per cent., and exactly the same for all those who received sensi- 
tized vaccine. 

From eight to nine months after the vaccinations, as many as pos- 
sible of these subjects were given another cutaneous typhoidin test, 
using the same stock of typhoidin and control powders. These 
typhoidin quotients were similarly compared with the prevaccination 
quotients, and the averages in each group are as follows : 

In Group 1 (army vac., 2-day interval) gain in quot. (av. of 15 indiv.) — ^ l % 

In Group 2 (army vac., 10-day interval) gain in quot. (av. of 11 mdiv.) - ' ' 

In Group 3 (sens, vac., 2-day interval) gain in quot. (av. of 13 indiv-) ^ 

In Group 4 (sens, vac.’, 10-day interval) gain in quot (av. of 12 mdiv.) 
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and antigenic effect to the Wright or Pfeiffer-Kolle vaccine; so that 
many of the reports concerning agglutinins in vaccinated soldiers may 
be used for comparison. 

In general, our figures, for those who had received army vaccine, 
are lower than those of the English writers and higher than those of 
German writers. Stieve, 24 for instance, states that the maximum 
agglutination which he obtained with serums from soldiers eight to 
twenty-one days after the last inoculation with Russell's vaccine was 
1 to 600. However, we have observations on hand which show that 
the titer of 1 to 4,000 or 1 to '6,000, obtained with broth cultures 
treated with formaldehyd, six days after the second inoculation are 
not at all exceptional. 4 



Graphic showing of agglutination and complement fixation averages with 
army vaccine and sensitized vaccine. 


Dreyer and Inman 25 emphasize the persistence of agglutinins in the 
blood of vaccinated soldiers and state that they exist for a longer 
period in the blood than is usually thought to be the case. In persons 
inoculated with -two or more doses of vaccine a higher agglutination 
titer was noted than in those who received only one dose. Dakeyne 28 
came to the same conclusions: he states that a gradual diminution in 

24. Stieve, H. : Beobachtungen bei der Typhusschutzimpfung mit dem Rus- 
sell’schen Impfstoff, Miinchen. med. Wchnschr., 1915, 62, 237. 

25. Dreyer, G., and Inman, A. C. : Persistence of Antibodies in the Blood 
of Inoculated Persons as Estimated by Agglutination Tests, Lancet, London, 
1915, 2, 225. 

26. Dakeyne, D. I.: Observations on Some of the Agglutination Reactions 
of the Blood of Soldiers Inoculated Against Typhoid Fever, Lancet, London, 
1915, 2, 540. 
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be a mistake to base conclusions on the differences between these aver- 
ages unless the differences were much greater ,or th’e series much larger 
or unless there were much more uniformity among, the individual 
typhoidin quotient gains. 

It is clear, therefore, that the cutaneous typhoidin test has revealed 
no superiority connected with the three-day or the ten-day inoculation 
interval, and in the first month, after vaccination no difference between 
the two types of vaccine used. Eight to ten months later there is a 
probability (unfortunately quite a weak one) that those who have 
received sensitized vaccine will show the more marked cutaneous reac- 
tions to typhoidin. If the average typhoidin quotient of a group of 
individuals is assumed to be proportional to their resistance against 
typhoid fever, as was suggested by the finding of a higher average 
quotient among immunes than nonimmunes, 0 ' the observations here 
recorded may be looked on as favorable to the sensitized vaccine as the 
more efficient means of producing immunity. It must be emphasized, 
however, that as yet there is no definite warrant for such an assumption 
in regard to immunity, even if the higher typhoidin quotient following 
sensitized vaccine administration were borne out by adequate statistics. 

7. The Relation Between the Severity -of the Reactions Following. 
Vaccination and the Subsequent Gain in Typhoidin Quotients. — By 
using the postvaccination typhoidin tests in the manner just described, 
the cases were separated into four classes according to the severity of 
the temperature reactions : those whose highest temperatures following 
the three vaccinations averaged (1) 37.33 C. or less, (2) from 37.34 to 
37.66 C., (3) from 37.67 to 37.99 C., and (4) 38 C. or over, and the 
average increase in typhoidin quotients was calculated for each class. 
The results are shown in Figure 6, where the numbers at the bottotn 
indicate the f6ur grades of temperature reactions and those at the side 
the percentage gain in typhoidin quotients during the following five 
weeks. The results of the typhoidin tests from eight to ten months 
after vaccination are not shown, since the observations were so few that 
the averages were markedly discordant. 

In Figure 7 the same sort of comparison is shown with the cases 
divided according to the severity of the local reactions, the numbers 
at the bottom indicating grades of local reaction obtained according 
to the formula already given. 

Figures 6 and 7 suggest that those who have the highest tempera- 
tures and the greatest amount of arm swelling and redness from the 
vaccination are the ones who show the least increase in their typhoidin 
quotients. Or, conversely, that if it is true that the typhoidin test 
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titer among individuals of the same group and the limited number of 
observations, it is not possible from our results to make any statement 
in regard to the rate with which agglutinins disappear from the circu- 
lation of vaccinated persons. Klemperer, Oettinger, and Rosenthal 20 
report irregularity in the rate of agglutinin subsidence in contrast to 
the regular, gradual decrease which is noted in cholera vaccination. 
Cahn-Bronner reported that in different cases the titer declined slowly 
or rapidly after the eighty-fifth day following the last injection, but 
that the change was always regular. For example, according to 
numerous observations, if a case showed a high agglutination four 
months after the initial vaccination, the decrease in the following 
months would be slow. On the other hand, in a case with a very low 
titer, the change to a negative agglutination within the same time 
interval would be more precipitous. This may be the explanation of 
the low values obtained in some of our cases of Groups 1 and 2. 

Mention should here be made of the possible relationship between 
the intensity of the reaction following the administration of the vac- 
cine and the subsequent agglutination titer. The early conception of 
Hetsch and Kutscher 35 that the agglutination titer is influenced by the 
clinical reaction has again been supported by Dalceyne. On the con- 
trary, Cahn-Bronner, Klose and others fail to find any such rela- 
tionship. 

In our series one subject, on account of the severity of the reaction, 
was inoculated with only two doses of army vaccine, and her agglutina- 
tion titer was still 1 to 400 eight months after the last injection. Three 
■other cases, however, with similarly severe reactions, showed a low 
titer. From these observations it is apparent that to what extent vac- 
cination reactions influence the degree of antibody production cannot 
be stated with any certainty from the data at hand. 

Finally, in the light of the irregular persistence of the agglutinins 
in the serum of vaccinated persons, the Widal test in its usual clinical 
form has lost its diagnostic value in these cases. When, however, 
repeated quantitative determinations are made with the serum of the 
suspected typhoid patients, a change in the fluctuations of the titer 
may be of diagnostic significance, as has been shown by Dreyer and 
his pupils 30 in a large number of cases. 

35. Gaffky, Kolle, Hetsch, and Kutscher: Ueber Typhusschutzimpfungen, 
Klin. Jahrbucher, 1905, 14 , 124. 

36. Davison, Wilburt C. : The Diagnosis of Enteric Fever (Typhoid and 
Paratyphoid A and B) by Agglutination Tests, Jour. Am. Med. Assn., 1916, 
46 , 1297. Ivlieneberger : Agglutinationstiter bei Infektionskrankheiten, ims 
besondere Typhus und Paratyphus, Deutsch. med. Wchnschr., 1914, 40 , 1511. 
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first few weeks, between the two vaccines used. Later the typhoidin 
quotients were higher in those who had received sensitized vaccine, 
but the differences are not decided enough to support definite con- 
clusions that this is the rule. 

7. According to the typhoidin test it is suggested that the ones who 
react least to vaccination tend to profit most by its administration. 
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nished by the pooled serums of at least two guinea-pigs, and was 
employed in a dosage of 0.05 c.c. of a dilution of 1 to 4 in salt solution. 
The red corpuscles were used in a 1 per cent, suspension. 

A preliminary test was made of the hemolytic system, using 0.05 
c.c. of complement and 0.5 c.c. of a 1 per cent, suspension of fresh 
sheep cells. In the titration of the antigen, as well as for the actual 
complement fixation tests, two hemolytic units (about 0.2 to 0.1 c.c. 
of a dilution of 1 to 100 in saline) were employed. 

Preliminary tests were made to rule out any anticomplementary. 
activity of the different antigens used. These were carried out as 
follows : 

To each series of tubes containing decreasing doses (from 0.8 to 
0.7 c.c.) of antigen diluted with 1.5 c.c. of salt solution was added 
0.05 c.c. of complement in a dilution of 1 to 4. The tubes were incu- 
bated at 37 C. in a water-bath. To each tube was then added a pre- 
viously prepared mixture of two units of hemolysin and 0.5 c.c. of the 
corpuscle suspension. After mixing and incubating for one hour, 
sedimentation of the red cells was hastened by placing the tubes in 
the refrigerator so as to make the readings more specific. In using a 
1 per cent, suspension, very clear results are obtained, which make 
possible a quantitative expression of the degrees of fixation. 

The actual tests with the three antigens were carried out in the 
following manner: To each 0.1 c.c. of serum was added 0.05 c.c. of 
complement in 1.5 c.c. of salt solution, followed by decreasing amounts 
of antigen. After incubation for a period of one-half hour the sensi- 
tized corpuscle suspension was added to each tube in the dosage already 
given. The mixture was then re-incubated for from one to two hours 
and the readings made already indicated. 

The customary controls for the serums, antigen, hemolytic system 
were employed in duplicate at the beginning and at the end of each 
series. 

On previous ocasions we made the observation that human serums 
may show, in a few instances, nonspecific fixation in dilutions of 0.2 
c.c. with broth antigens. To rule out such nonspecific reactions we 
made use. of B. coli antigen, and all the serums which gave fixation 
with this antigen, even when 50 per cent, hemolysis was noted, are 
regarded as nonspecific. Several serums of women were anticomple- 
mentary in double or single amounts (from 0.2 c.c. to 0.1 c.c.) ; these 
are mentioned, therefore, in a separate column. The range of specific 
fixation is considerable with broth antigens in comparison with extracts 
or suspensions and is, in part, responsible for the number of reactions 
recorded. In doubtful cases we tested the serums also with extract 
antigens, and the results confirmed those noted with our regular 
preparations. 
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and Hulbert , 8 and others tested the Widal reaction in those vaccinated 
with pieparations of their own make. In these instances the micro- 
scopic agglutination test was employed and no definite quantitative 
determinations were attempted. 

Thus far no data are available concerning the serum reactions in 
human beings vaccinated with the sensitized, detoxicated vaccine sedi- 
ment of Gay and Claypole . 9 From experimental work done on rabbits 
by Negre 10 and Lowy 11 with living sensitized bacilli, and by Gay and 
his co-workers with the killed sensitized typhoid bacilli, it has become 
known that animals so vaccinated develop agglutinins only in moderate 
concentrations as compared with those in which the untreated typhoid 
antigen is used. On the other hand, according to Negre and Lowy, 
the serums of animals immunized with sensitized vaccines contain the 
complement-fixing antibodies and the bactericidal substances in larger, 
or at least in the same, amounts as compared with those treated with 
nonsensitized vaccines. 

The growing importance of typhoid immunization, the continued 
uncertainty in regard to the best type of vaccine, optimum interval 
between doses, and the interval after which revaccination becomes 
advisable, as well as the desire of physicians and laity for a practical 
test of typhoid immunity, make important any work which may throw 
light on this subject. In view, therefore, of the unsettled state of the 
literature concerning typhoid serologic changes, it was considered 
important, in connection with a new series of cutaneous typhoidin 
tests (reported by one of us elsewhere in this number of this journal) 
to investigate in the same subjects at the same time the phenomena 
of agglutination and complement fixation. 

The subjects consisted of ninety-eight students, nurses and others 
connected with the University of California Departments of Medicine, 
Dentistry and Pharmacology; most of them were young adults and 
all in apparently good health. Seventeen had had. typhoid fever from 
three and one-half to twenty-five years ago (in most cases not proved 
by biologic methods); twenty-six had received army, vaccine 12 from 


8. Rudiger, G. F., and Hulbert, Robert: Is Blood as Reliable as Fresh 
Serum in Making the Widal Test? Am. Jour. Pub. Health, 1914, 4, 113. 

9. Gay, Frederick P., and Claypole, Edith J. : An Experimental Su y 
Methods of Prophylactic Immunization Against Typhoid Fever. Studies 
Typhoid Immunization, V, The Archives Int. Med., 1914, 14 , 671. 

10. Negre, L. : Recherches comparatives sur la disparation des rea 
humo rales des lapins immunises avec des bacilles typhique vivantes sensi > 
tues par la clialeur et tues par l’ether, Compt. rend. Soc. de biol., 

41 11. L6wy, 74 b!: 77 Immunkorperbildung verschiedenartiger Typhusimpfstoffe, 

Deutsch. med. Wchnschr., 1915, 45, 1277. r 

12. The army vaccine was obtained through the courtesy of Capt. iri y J- 
Nichols of the U. S. Army Medical Corps. The details relative h 
vaccinations are given by one of us elsewhere in this number of this journa 
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antigen; and, in the light of the recent findings of Hooker/ 1 ^ the dis- 
cussion of Garbat 42 that the B. typhosus strain “Rawlings” differs 
immunologically from many recently isolated strains of typhoid organ- 
isms, this observation is readily explained. Only about 27.2 per cent, 
of the serums contained large amounts of fixing antibodies, most of 
them giving reactions only with the largest amount of antigen used in 
the tests. In two serums derived from individuals who had. been vac- 
cinated three months previous to the test the complement fixing anti- 
bodies were still high, and in one sample even higher than the agglu- 
tinins ( 1 to 80) . It is quite apparent that the fixing antibodies disap- 
pear just as irregularly as was noted for the agglutinins. The length 
of time during which they remain in the serum is difficult to determine 
without repeated tests on the same subjects; but one may be certain 
at least that they persist in some persons, vaccinated for the first time, 
for longer periods than has been usually supposed. In this connection 
Hage and Korff-Petersen 2 recently reported, using an extract antigen, 
that some persons may give fixation with from 0.01 to 0.025 c.c. antigen 
five to nine months after an initial antityphoid vaccination. 

Repeated vaccination apparently favors this persistence of the com- 
plement fixing antibodies, inasmuch as nearly 70 per cent, of the thir- 
teen cases in Group 1 still gave slight fixation of the complement. 
Unfortunately, the serums of two cases in this group were anticom- 
plementary. The degree of fixation, however, was slight, only the 
maximum amount of antigen having been absorbed by the serum. In 
some instances a parallelism between the degree of fixation and the 
agglutination was evident, but no definite relationship could be estab- 
lished. 

The conclusions from experimental work on animals that the com- 
plement fixing antibodies, which ordinarily develop later than the 
agglutinins in the blood serum, remain longer demonstrable are appar- 
ently not applicable to man. It would appear that the degree and 
persistence of these immune bodies is as irregular and as inconstant as 
was noted in the case of the agglutinins. 

In the second group, containing thirty-seven subjects vaccinated 
with Gay-Claypole vaccine sediment, eighteen had received the sensi- 
tized vaccine sediment for the first time. The serums of those inocu- 
lated from seven to ten months previously showed, in 13.3 per cent.- 
of the cases, fixation of the complement; the degree of the reaction 

41. Hooker, Sanford B.: Preliminary Studies on the Antigenic Properties 
of Different Strains of Bacillus Typhosus, Proc. Soc. Exper. Biol, and Med., 
1916, 13 , 139. 

42. Garbat, A. L. : Studies in Typhoid Fever. Reference to a paper read 
before the American Association of Immunologists, Jour. Am. Med. Assn., 
1916, 67 , 149. 
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Table 1 contains a summary of the results obtained in ninety-two 
cases, which are divided into five large groups, according to their his- 
tories. The first group consists of twenty-three persons who had been 
vaccinated with army vaccine from three to eight months previously. 
Of these, twelve had then been vaccinated for the first time, while 
eleven had also had a previous course of immunization with either 
sensitized or army vaccine. 


TABLE 1. — Percentage of Agglutination Reactions 


Group 

Vaccine Preparation 

Time 

Interval 

Dilutions of Serum 


1:10 









' Army vaccine, lirst time... 

S mo. 

100 

SO ' 

CO 

50 

50 

10 


1 


Army vaccine, flrst time... 

! 3 mo. 

100 

ICO 

100 

50 

50 


2 



, Army vaccine, repeated 
inoculations 

: 

j S mo. 

OO.D 

1 

i 

55.5 

30.3 

27.2 

9 

9 

u 



Guy-Claypole sensitized 
vaccine sediment, ilrst 
time 

7 to 10 mo. 

57.1 

21.1 

11.2 

11.2 



H 

o 


Gay-Claypole sensitized 1 
vaccine sediment, flrst ! 
time ' 

2 mo. 

33.3 

i 






3 



Army vaccine, repeated 
inoculations 

Army vaccine, repeated 
inoculations 

S mo. 

G mo. 

2 mo. 

70.5 

100 

100 

1 

29.1 

100 

23.5 

100 

5.8 

I 

1 

17 

1 

1 

3 j 



52.9 

1 

11.7 

11.7 




16 





fi 




* 


3% to 25 yr. 

GO 

30 

20 

s 



10 



1 







' Typhoid fever and vacci- 
nated with army vaccine 

G to S mo. 

GO 

10 

20 

20 

20 


5 

5 


Typhoid fever and vacci- 
nated with Gay-Claypole 
sensitized vaccine sedi- 
ment 

6 to 8 mo. 

i 

50 

50 

50 

60 



2 


In the columns under the various serum dilutions are recorded the 
percentage of cases giving complete agglutination. It will be seen 
that this group, as a whole, shows a well-marked persistence of agglu 
tinins, regarUed either from the standpoint of agglutination in high 
dilutions or high percentage of individuals having a moderate amount 
of agglutinins. The slightly greater percentage of high dilution agglu- 
tinations among those who had had but one course of immunization 
depends on too few observations to merit an attempt to interpret it. 

The second group consists of thirty-six persons who had been 
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purposes. Our findings, therefore, are quite in accord with those 
reported in the literature. 

Of seven subjects (Group 5) who, in addition to having had 
typhoid fever, had been vaccinated from six to eight months previous 
to the serum tests, five gave positive complement fixation reactions. 
One of them, who in January gave a fixation with 0.2 c.c., gave in 
June of the same year, with three entirely different antigens and five 
different serum samples collected from one to six days apart, the same 
or even better fixation. In this individual the agglutinins were still 
high. 

Unlike the agglutinins, the difference between the percentages of 
complement fixation reaction following inoculations with army vaccine 
as compared with sensitized vaccine sediment is relatively small; and 
it is easily possible that in another series the relations would be 
reversed. Indeed, in rqbbits Negre and Lowy reported greater pro- 
duction of complement fixing antibodies from injections of living 
sensitized vaccine than from unsensitized heat or ether killed vaccines 
(Wright’s or Vincent’s). Ardin-Delteil, Negre and Raynaud obtained 
similar results with human beings. Very little is known, however, 
about the immune substances (bactericidal and complement fixing anti- 
bodies) called forth by sensitized vaccine sediment. According to 
von Liebermqnn, Theobald Smith and others, there is serious doubt 
that any of the sensitized vaccines as prepared at the present time have 
any uniformity in antigenic power. Moreover, in the case of the sensi- 
tized vaccine sediment of Gay and Claypole it is possible that the 
chemical and mechanical destruction and subsequent extraction of the 
residue will further influence its antigenic properties. 

The chart, it will be seen, strongly suggests that repeated vaccina- 
tions favor the persistence of complement fixing bodies. 

THE RELATION OF THE AGGLUTININS AND COMPLEMENT FIXING 
ANTIBODIES TO THE TYPHOIDIN QUOTIENT 

Elsewhere in this number of this journal it is shown by one of us 
that the typhoidin cutaneous test as measured by the typhoidin quotient, 
while it bears some relation to immunity, is exceedingly variable in its 
results. The subjects of these serologic experiments were the same 
as those for the series of typhoidin tests, the blood being drawn in 
each case at the time of performing the typhoidin inoculation. In 
Table 3 the average typhoidin quotients are compared with the agglu- 
tinin and complement fixing antibody averages in the five groups of 
subjects. 

Inspection of this table shows a certain amount of relationship 
between the^ serologic findings and the typhoidin quotients. In all 
three columns there are low averages in the “negative history” group 
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after an attack of typhoid fever. Donges 19 and others made the same 
observation, but failed to find that this condition is influenced by 
another intercurrent disease. But according to the experimental studies 
of von Wasserraann and Sommerfield 20 it is not unlikely that an 
increase in the agglutinins may occur during the development of an 
intercurrent infection. No such cause was present, however,' in our 
two cases. 

In the fifth group are five persons who had had typhoid fever and 
who subsequently also had been vaccinated with sensitized vaccine 
sediment or army vaccine. Some of these had received as many as 
three courses of inoculations, the last vaccination in all cases beine 
from six to eight months before our tests. From these few observa- 
tions there is after a few months little apparent tendency of the vac- 
cination to modify the low agglutinin concentration of the typhoid 
recoveries. 

From experimental work on man (Moon 21 ) and animals (Cole 22 
and others) we may infer that in subjects who have had typhoid fever 
or antityphoid vaccination a subsequent injection of typhoid vaccine 
calls forth immune bodies rapidly and in considerable amounts; but 
that these immune bodies are also quick to disappear. Evidently, in 
all but one case their subsidence had taken place during the six or 
eight months betrveen the last vaccination and our tests. 

In the chart are shown graphically our most striking serologic 
findings, that is, the differences between Groups 1 and 2, those who 
had had army vaccine and those who had received sensitized vaccine. 
From the results after from -three to eight months, it will be seen that 
the army vaccine appears to have considerably greater influence than 
sensitized vaccine in promoting the persistence of agglutinins in high 
concentration. This great potency of the army type of vaccine in 
stimulating the development of agglutinins has been previously shown 
by Russell 23 and by Wollstein. 3 

Dissimilarity in technic and in the preparation and dosage^of the 
various vaccines forbid a strict comparison of our results with those 
of the British and German writers. The army vaccine, however, being 
a preparation of typhoid bacilli killed by heat, is similar in composition 


19. Donges: Ueber die agglutinatorische Kraft des Serums nach iiberstan- 
dener Typhusinfection, Centralbi. f. Bakteriol., 1914, 75 , 174. 

20. V. Wassermann and Sommerfeld: Experimentelle Untersuchung ufer 
Typhus Schutzimpfung, Med. Klin., 1915, 11 , 1307. 

21. Moon, V. H.: Observations on Antibody Formation in lyphoid, joui. 

Infect. Dis., 1914, 14 , 56. . . „ , c 

22. Cole, R. I.: Experimenteller Beitrag zur Typhusimmumtat, Ztscnr. . 

Hyg. u. Infectionskrankh., 1914, 46 , 371. _ , 

23. Russell, F. F.: Antityphoid Vaccination. The Immediate Results ot 
Administration of 3,600 Doses, Bull. Johns Hopkins Hosp., 1910, 21, 
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numbers of observations, would have to be regarded as distinctly 
limiting the value of these tests as indexes of immunity; because it is 
well known that most of those who have had typhoid fever even many 
years ago are highly immune . 20 There is nothing in our results, there- 
fore, which is not in harmony with the long-accepted idea that the 
estimation of antibodies furnishes no accurate index of the power 
which the body possesses of defending itself against invasion by 
typhoid organisms. Thus, Garbat and Meyer 43 found that serums of 
rabbits immunized with sensitized cultures were highly protective 
(more so than animals treated with nonsensitized preparations), and 
yet this potent serum contained but small amounts of agglutinins and 
complement fixing antibodies. 

We were unfortunately unable to carry out bacteriolytic experi- 
ments with the quantities of serum at our disposal. Neufeld and 
Htine 44 found no definite relation between the complement deviating 
properties of the typhoid immune serum and the content of bacterio- 
lytic amboceptors. But according to Wollstein 3 and Howell 4 the bac- 
tericidal properties of serums of persons immunized with Russell’s 
vaccine behave in many respects similar to the complement fixing anti- 
bodies in our tests. 

It is clear that too little is known about the serologic or cutaneous 
tests as indexes of typhoid immunity at the present time to make them 
worth anything when applied to individual cases with the idea of 
deciding about the need for prophylactic inoculation. Neither can 
they in their present development form the basis of reliable statistical 
researches to determine the relative merits of different types of vac- 
cines. From the reviews of the literature, it is also evident that for 
further advances in the subject we must look to carefully controlled 
experiments with large numbers of observations. Our own series; 
while it is larger than the majority of those reported in the recent 
literature, and furnishes fairly definite information and suggestions 
on certain points, is too small to throw any light on some of the impor- 
tant questions involved. 

CONCLUSIONS 

Agglutination and complement fixation reactions have been studied 
in ninety-eight healthy individuals. Some of the subgroups are too 
small to warrant final conclusions, but the following points have a fair 
degree of probability: 

43. Garbat and Meyer: Ueber Typhus Heilserum, Ztschr. f. exper. Path. u. 
Therap., 1910, 8, 1. 

44. Neufeld, F., and Hiine: XJntersuchungen liber bactericide Immunitat und 
Phagocytose nebst Beitragen zur Komplementablenkung, Arb. a. d, k. 
Gsndhtsamte., 1907, 25, 201. 
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the agglutination reaction results at the end of the eighth month. 
Dyer 2 ' found that five months after vaccination fifteen persons out of 
twenty-eight gave an agglutination in a dilution of 1 to 80, five in 
1 to 60, and one in 1 to 320; and not in one instance was an agglutina- 
tion less than 1 to 40 obtained. Cahn-Bronner 14 made the observa- 
tion that in a large number of tests with Ficker’s typhus diagnostikum, 
over 50 per cent, of German soldiers still gave an agglutination in a 
dilution of 1 to 50 after 240 days, and that over 38.5 per cent, reacted 
in a dilution of 1 to 100, and 23 per cent, in 1 to 200. Klose, 28 
Klemperer. Oettinger and Rosenthal, 29 Weichhardt, 30 Ziersch, 31 Diin- 
ner, 32 Reiss, 33 and Hage and Korff-Petersen 2 noted the persistence of 
immune substances in soldiers vaccinated with different preparations. 

Wade and McDaniel 5 state, however, that the Widal reaction is of 
short duration following the administration of typhoid vaccine. In 
only 16.3 per cent, of the cases was it still present after six months, and 
after one year only 11.7 per cent, gave a microscopic agglutination in 
a dilution of 1 to 50. Hamilton, 7 using an equally unreliable antigen, 
reports that all the vaccinated persons gave an agglutination in 1 to 50 
up to the twenty-fourth month following the last injection. According 
to Bloch and Creuze, 34 one half of the subjects vaccinated with Chan- 
temesse preparation still gave one year later an agglutination of 1 
to 100. 

Oil r results, indicating as they do the large effect on the persistence 
of agglutinins which may come from variations in the method of 
preparing the vaccine, constitute an instructive commentary on the 
conflicting literature, and strongly suggest the need for better con- 
trolled experiments in attacking this complex problem. 

In view of the considerable amount of variation in agglutination 


27. Dyer, A. W. : The Agglutination Reaction after Antityphoid Inoculation, 
Indian Jour. Med. Research, 1913-1914, 1 , 728. 

28. Klose: Die Gruber- Widal’sche Reaktion bei typhusschutzgeimpften Fran- 
zosen und ihre Bewertuug fur die Diagnosestellung, Arch. f. Hyg., 1915, 7 » 


193. 

29. Klemperer, F., Oettinger, W., and Rosenthal, F. : Zur Diagnostik und 
Therapie des Typhus im Felde, Therap. d. Gegemv., 1915, 17 , 162. 

30. Weichhardt, W. : Ueber Typhusimmunisierung, Miinchen. med. Wchnschr., 

1915, 62 , 431. . . 

31. Ziersch, P.: Beobachtungen bei Typhusschutzgeimpften, Munchen. me . 

Wchnschr., 1915, 62 , 1312. ' • , 

32. D tinner, L.: Die Bedeutung der Widal’schen Reaktion bei Typbusge 

impften Soldaten, Berl. klin. Wchnschr., 1915, 52 , 59, 683. _ , 

33. Reiss : Der Wert der Agglutinations Probe bei Typhusgeimpf ten, Munc 

med. Wchnschr., 1915, 62 , 1277. ,, , • 
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du vaccin antityplioide de Chantemesse, Compt. rend Soc. de biol., l yi > • 


d-GLUCOSE TOLERANCE IN HEALTH AND DISEASE* 

RUSSELL M. WILDER, M.D., and W. D. SANSUM, M.D. 

CHICAGO 

In previous communications 1 from this laboratory descriptions have 
been given of apparatus devised for the purpose of making continuous 
intravenous injections at accurately controlled rates. The present 
paper deals with the application of this apparatus and the principles of 
timed intravenous injection to a clinical study of glucose tolerance in 
normal human individuals and in a series of pathologic conditions. 
In order that the work may appear in its proper relationship to that 
of previous writers the more important contributions to the subject 
may be reviewed. 

It has long been known that sugars administered by mouth in 
sufficient amounts cause melituria, but an attempt to learn the size of 
the dose which would accomplish this was first made by Worm Muller 2 
in 1884. Two healthy men on a diet free from carbohydrate received 
weighed quantities of glucose, lactose and saccharose and it was found 
that 50 gm. of glucose, 50 gm. of saccharose or 100 gm. of lactose 
produced just a trace of reducing substance in the urine, while larger 
doses caused severe melituria. 

Hofmeister 3 in 1889 conducted a more elaborate investigation with 
dogs. The sugar was fed by mouth and it was found that the maxi- 
mum dose that could be given and just fail to cause sugar to appear 
in the urine was very constant for the individual dog, although widely 
different for different dogs. This dose he called the ‘‘assimilation 
limit,” a term that has since been widely employed. Hofmeister is also 
the author of the term “tolerance,” as applied to sugars, which he used 
in the following connection: 1 

The diabetic of the milder type on a strictly regulated meat diet has a cer- 
tain tolerance for sugars, and starches, inasmuch as he only passes a saccharine 
urine when such substances are administered in excess of a definite limit. 

* Submitted for publication Aug. 11, 1916. 

* From the Otho S. A. Sprague Memorial Institute Laboratory for Clinical 
Research, Rush Medical College, and tire Medical Clinic of the Presbyterian 
Hospital, Chicago. 

1, Woodyatt, Sansum and Wilder: Jour. Am. Med. Assn., 1915, 65, 2067. 

2. Muller, Worm': Arch. f. d. ges. Physiol., 1884, 34 , 576. 

3. Hofmeister: Arch. f. exper. Path. u. Pharmako!., 1889, 25 , 240. 

4, Der Diabetiker, leichterer Form zeigt, bei streng gehandhabter Fleischkost, 
eine gewisse Toleranz fur Zucker und fur Amylacien, insofern er nur bei 
Zufuhr derselben iiber eine gewisse Greuze hinaus Zuckerhaltigen Harn liefert. 
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COMPLEMENT FIXATION TESTS 

Our method was a modification of the ordinary Wassermann tech- 
nic, the system bding based on the use of a total fluid bulk of 2.5 c.c. 
of a 1 per cent, blood cell suspension. Because of the reliability of the 
technic a few details in connection with it may deserve mention. 

Lemco 37 broth cultures about eighteen to twenty hours old were 
used as antigen. Younger cultures are frequently not sufficiently 
antigenic, and .older ones are very anticomplementary. The advantage 
of these broth cultures over suspensions of extracts has been demon- 
strated repeatedly by Bordet, Massol and Grysez 33 and others. 

The broth cultures were heated for one-half hour at 80 C., and pre- 
served with 1 per cent, glycerin and 0.5 per cent, phenol (carbolic acid). 
Kept cool and protected from the light, they remained unchanged 
for the entire month during which they were employed for these tests. 
Four antigens were used: (1) broth culture of the army strain (Raw- 
lings) ; (2) broth culture of thirty different strains of B. typhosus; 30 
(3) broth culture of a strain of B. coli isolated from a case of cystitis; 
and (4) a polyvalent aqueous extract of thirty strains of B. typhosus 
prepared according to Dean. 10 This antigen was used only in some 
control tests. 

The dose of the antigen chosen was four times the antigenic unit 
as determined by preliminary titrations of the antigen with a standard 
amount of rabbit immune serum, either 0.1 c.c. or 0.2 c.c. This dose 
was at least from one fourth to one fifth of the anticomplementary 
unit, as determined in the preliminary test. The range of the specific 
antigenic properties of each antigen was further controlled by numer- 
ous tests with serums of known antibody content. 

The serum was separated from the blood clot by centrif legalization 
and kept in small vials at refrigerator temperature. Shortly before use 
they were inactivated at 56. C. for one-half hour. A standard amount 
of 0.1 c.c. was titrated against decreasing amounts of the antigens, the 
largest amount being four times the antigenic unit. Furthermore, in 
about 50 per cent, of the tests decreasing amounts of serum were 
titrated against a standard amount of antigen. Ordinarily, three such 
titrations were carried out in the above-mentioned broth cultures. 

The .antisheep hemolytic serum was used. Complement was fur- 
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37. Lemco, Method of preparation in, ^Eyre, T. W. H. 

Bacteriological Technique, Ed. 2, 1913, 163. 

38. Massol, L„ and Grysez, V.: Antigenes et anticorps typhiques. 

d'inhibition, Compt. rend. Soc. de biol., 1913, 75 , 220. • ■ 

* 39. The senior author is indebted to Dr. F. P. Gay for some of the strains 

of B. typhosus used in this antigen. . , „ , -j 

40 Dean, H. R.: Studies on Complement Fixation with Strains of iypnoi , 
Paratyphoid and Allied Organisms, Ztschr. f. Immunitatsforsch/ u. exper. 
Therap., 1911, 11 , 58. 
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result of one typical experiment which disclosed that 98.64 per cent, 
of the sugar was retained if the duration of the. injection was made 
eighty minutes, while only 85.62 per cent, remained in the body when 
the same quantity was injected in fifteen minutes. 

In 1905 Blumenthal 10 pointed out that the utilization of sugar 
by the tissues is expressible only in terms that apply to velocities, for 
example, as unit weight of sugar, per unit weight of tissue, per unit 
weight of time. The rate at which sugar is brought to the tissues must 
therefore be controlled if it is desired to measure its rate of utilization. 
This necessitates precise knowledge of the rate at which it enters the 
blood ; but when a sugar is given by any method entailing absorption 
as a preliminary to its entrance into the blood, the latter rate is subject 
to uncontrollable variations. The most nearly exact method of deter- 
mining sugar tolerance must therefore consist in direct intravenous 
injection. These principles he applied in a series of experiments and 
found (1) that glucose could be rapidly injected into rabbits in doses 
of about 0.85 gm. per kilogram of body weight without causing meli- 
turia, but if this dose was only slightly exceeded or if within a short 
time after the first dose a second injection was made, intense melituria 
would result; (2) that a dose of sugar could be selected which could 
be repeatedly injected at fifteen minute intervals for indefinite periods 
and always just fail to appear in the urine. From these observations 
Blumenthal concluded that the tissues are able to remove sugar from 
the blood at a rapid rate up to a certain limit, that is, until they have 
become “saturated,” but no inference concerning utilization can be 
drawn from the size of the dose necessary to cause saturation or the 
rate at which this dose is absorbed. Such a dose represents simply a 
saturation limit (Sdttigungsgrense ) . On the other hand, that dose 
whose repeated injection at fifteen minute intervals just fails to pro- 
duce melituria gives a measure of utilization, a utilization limit ( Aus - 
nutzungsgrenze). For glucose in rabbits this was found to be between 
0.15 and 0.325 gm. per kilogram of body weight per fifteen minutes, 
that is, from 0.6 to 1.2 gm. per kilogram per hour. 

In 1906 Comessatti 11 used the Blumenthal method and demonstrated 
that sugar assimilation was increased by exercise. During rest, doses 
of 0.2 gm. per kilogram per fifteen minutes led to melituria in two 
rabbits, while after exercise in a treadmill doses of 0.25 gm. given 
in the same manner caused no glycosuria. In 1909 Loeb and 
Staddler, 12 with the same method, obtained figures in resting rabbits 
which were lower than those reported by Blumenthal (0.09 and 0.16 

10. Blumenthal: Beitr. z. chem. Phys. u. Path., 1905, 6, 329. 

11. Comessatti: Beitr. z. chem. Physiol, u. Path., 1906, 9, 67. 

12. Loeb and Staddler: Arch. f. exper. Path. u. Pharmakol., 1914, 77, 326. 
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The thiee complement fixation tests on ninety-eight persons are 
summarized in Table 2. These include the subjects tested for agglu- 
tinins, and also six others from whom insufficient blood was obtained 
for both experiments. The cases are again divided, according to their 
previous history, -into five main groups. 


TABLE 2. — Percentage of Complement Fixation Reactions 


Group 

i 

i 

Vaccine 

Preparation 

Time 

Interval 

Amount of Antigen Fixed 
by 0.1 C.c. Serum 

Anticomple' 
mentary or 
Autotropic 
Serum 

No. 

Oases 

1 

0.2 

0.1 

0.05 

0.02 

1 

i 

1 

f Army vaccine, first time — 

8 mo. 

•15.4 

27.2 

27.2 



11 

1 

1 j * 

j Army vaccine, first time.... 

1 

3 mo. 

100 

100 

50 

50 


2 

i 

j 

1 

1 Army vaccine, repeated in- 
oculations 

| 

8 mo. 

GD.2 

30.7 

15.3 


(15.3) 

13 



Gay - Olaypole sensitized 
vaccine sediment, first 
time 

7 to 10 mo. 

13.3 

13.3 




(20 ) 

15 


1 

i 

i 

Gay - Claypolc sensitized 
vaccine sediment, first 
time 

j 2 mo. 

1 

CG.G 





(33.3) 

3 . 

2 1 

i 

Gay - Claypolc sensitized 
vaccine sediment, repeated 
inoculations 

| 8 mo. 

52.0 

23.5 

17.G 



17 



Gay - Claypolc sensitized 
vaccine sediment, repeated 
inoculations 

0 mo. 

1 

.... . 

1 


..... 


1 



Gay - Olaypole sensitized 
vaccine sediment, repeated 
, inoculations 

i 

i 

2 mo. 

100 

100 

100 



1 

s 



5.5 




(10.6) 

18 


1 






4 


3V& to 25 yr. 

10 

10 



(10 ) 

10 


,!1 '"" a '" r i 






' 'Typhoid fever and vac- 
cinated with army vac- 
i cine 

G to 8 mo. 

80 

40 

40 



5 



Typhoid fever and vacci- 
nated with Gay-Claypolo 
. vaccine 

G to S mo. 

50 

50 




2 


The first group comprises twenty-six persons who had been vac- 
cinated with army vaccine three to eight months previous to the tests. 
Thirteen of these were immunized for the first time, and the same 
number had had repeated inoculations with either army or sensitized 
vaccine. In this group a fairly high percentage, about 45.5 per cent., 
furnished serums which even in amounts of 0.1 c.c. fixed the speci c 
antigen in quantities of 0.2 c.c. Detailed records of the test indicate 
that the army strain gives somewhat better fixation than the polyva ent 
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very material, particularly in patients with small superficial veins. 'The 
Blumenthal procedure is furthermore insufficient to accomplish that 
which Blumenthal’s principles demand, namely, a perfect control of the 
rate of administration. His injections, repeated every fifteen minutes, 
are not continued at a uniform rate over the fifteen minutes, but are 
given rapidly at the beginning of each period. Under these conditions 
it is clear that in the first part of each fifteen minute period, that is, 
during the time actually occupied by the injection, the concentration 
of sugar in the blood must rise as a wave and in the interval between 
the injections the concentration must fall. If now the injection is 
made more rapidly in one case than another, the crest of the wave 
produced will be higher, and such a wave may overflow the kidney 
threshold and result in melituria, even though the tolerance for the 
fifteen minute period is by no means exceeded. Under these conditions 
it is incorrect to assume that a melituria indicates that the rate of utili- 
zation for the period has been overstepped. That this objection to 
Blumenthal’s procedure is sound is shown by figures for the tolerance 
of rabbits published by Blumenthal, 10 by Comessatti 11 and by Loeb 
and Staddler, 12 all of whom used the same method. One rabbit of 
Blumenthars showed a tolerance of 0.325 gm. per kilogram of body 
weight per fifteen minute period, while one of Loeb and Staddler’s was 
as low as 0.09 gm. per kilogram per fifteen minutes ; and Blumenthal’s 
own results ranged, as stated above, from 0.15 to 0.325 gm. per kilo- 
gram per fifteen minutes, a variation of over 100 per cent. It is prob- 
able that the higher figures obtained by these authors were more nearly 
correct than the lower ones and that the latter occurred when the' 
injections were made too rapidly. 

In order to avoid periodic waves of sugar concentration and to 
give no opportunity for melituria to occur until the rate of administra- 
tion at all times surpasses that of utilization, it is clearly advisable to 
discard intermittent or discontinuous injections in favor of continuous 
administration at constant rates.. The latter procedure was adopted 
in the present study, and for the purpose of giving continuous injec- 
tions use was made of the apparatus referred to above. This appara- 
tus consists of a small pump which is driven by an electric motor. 
The stroke of the pump may be made very short and the number of 
strokes per minute raised to forty or sixty, so that the stream pumped 
is practically continuous. Such pulsations- as occur are furthermore 
almost obliterated by the elasticity of the rubber tubing that connects 
the pump with the needle in the patient’s vein. The rates of injection 
are easily controlled and accurately regulated by means of a rheostat. 

By the use of this instrument it is a simple matter to find that rate 
of injection which just equals the rate of utilization or the. tolerance 
limit. 
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was less marked than in Group 1. It is possible, however, that an addi- 
tional 20 per cent, of serums can be added to the 13:3 per cent, which 
were not counted as positive on account of the anticomplementary 
action of the double or single serum controls. The total of 43.3 per 
/cent, for fifteen serums would fairly correspond with the result 
obtained in Group 1. 

We are at present unable to explain the high percentage of auto- 
tropic or anticomplementary serums in this group of subjects inocu- 
lated with sensitized vaccine. In so small a series they may, of course, 
be chance occurrences. Unfortunately, repeated tests were not pos- 
sible, and prolonged exposure to higher temperature did not materially 
affect the serums. When reading Lowy's article several months after 
the tests were completed, we noted that he had already observed an 
analagous condition of the serums in rabbits vaccinated with sensitized 
living organisms. A separate experimental study, undertaken quite 
recently by one of use (K. F. M.) to explain the phenomenon, is 
now in progress. 

The serums of three patients vaccinated two months ago still gave 
fixation with the polyvalent as w.ell as with army antigen. As a rule, 
the serums of Group 2 gave just as good fixation with the polyvalent 
antigen as with the army and the extract antigens. Slight differences 
were noted, in two cases only, in the amounts of antigen bound by 
0.1 c.c. of serum. 

In nineteen subjects who had been repeatedly vaccinated with 
sensitized or army vaccine, about 50 per cent, of the serums gave posi- 
tive complement fixation reactions. This series of cases supports the 
view already expressed that repeated vaccinations favor the persis- 
tence of fixing substances. To what extent the previous army vac- 
cination had influenced the reactions in Group 2 is, of course, a matter 
of speculation. 

Only a few points in connection with Group 3 need explanation. 
Of eighteen subjects with negative histories, one gave a decided com- 
plement fixation reaction and a marked agglutination. This case was 
therefore considered, as previously stated, a probable instance of unrec- 
ognized typhoid fever. The remaining seventeen serums gave complete 
hemolysis with the various antigens. Two of these (both from women) 
showed delayed hemolysis in the serum controls and wjth B. co i 

antigens. _ . , 

Among ten subjects in Group 4, who had a definite history o 
typhoid fever, complement fixation was present in but one case, a 
woman who had had typhoid fever three and one-half years before. 
In another case a delayed hemolysis with four different antigens was 
observed on several occasions, when blood was collected for ot 
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solutions of greater strength were employed, with a view to keeping 
the volume injected small, but the opportunity for slight variations in 
the injection rate was thereby correspondingly increased and on 
this account the 18 per cent, solutions were adopted. The solutions 
showed only pale straw color when observed in flasks of two liter 
volume, smaller volumes appearing colorless. The solutions were 
divided in one and two liter flasks which were sterilized in the auto- 
clave. The titer of each was determined by a polariscope directly 
before injection. 

In the entire course of this work, in which the solutions were 
injected at rates slightly above and below the tolerance limit, no chills, 
shock or other general reactions were encountered. In two cases 
thrombosis of the vein used for the injection resulted. In one of these 



Illustrating apparatus and method of making the glucose injection. 


the thrombus was limited to an inch of the vein, in the other it 
extended to the axilla, but in neither did it result in a bad effect. It 
is probable that the thrombus formation in the most extensive of these 
cases was favored by trauma, as the subject of the test refereed a 
football game on the day after his injection. 

Technic of Injection . — As previously stated, use is made of the 
injecting machine developed in this laboratory and described elsewhere. 
A buret to serve as a reservoir, together with the necessary rubber 
tubing, are sterilized by autoclave. The parts of the pump which come 
into contact with the fluid are removed and boiled. The apparatus 
is then assembled in the manner illustrated, the glucose solution is 
poured into the buret and all air expelled from the tube and pump. 




308 THE ARCHIVES OF INTERNAL MEDICINE 

and higher ones among the groups of supposedly typhoid immunes. 
The correspondence is far from exact, however, as is inevitable in a 
series of this size in which the figures of each group vary so much 
among themselves and in which the differences between the group 
averages, particularly among the typhoidin quotients, are not great. So 
that little can be said from the comparison other than that some rela- 
tionship exists between all three tests and the typhoid experience of 
the subjects. 


TABLE 3. — Comparison of Serum Reactions with Typhoidin Reaction 


Group 

Number of 
Oases 

1 

Method of 
■Vaccination 

Timo 

Interval 

Average 
Aggluti- 1 
nation 
Titra- 
tion 

Percent- 
age of 
Comple- 
ment 
Fixation 

Averago 

Ty- 

phoidin 

Quo- 

tient 



[ 12 A. *(13 C.F.) 

Army vaccine, first time... 

3 to 8 mo. 

1:148 

53.8 

1.40 



1 11 A. (13 C.F.) 

Army vaccine, repeated.... 

i 

8 mo. 

1:89 

G9 

1.42 



r 17 A. (18 0.1?.) 

» 

Gay-Claypole sensitized 
sediment 

2 to 10 mo. 1 

1:32 

i 

44 

1.4 



17 A. (19 C.P.) 

Gay-Claypole sensitized 
sediment, repeated 

2 to 8 mo. 

1:59 

47 

1.48 

3 

18 



1:30 

5.5 

1.4 




4 

' 10 

Typhoid fever 

3% to 25 yr. 

l:38 

10 

1.43 



• 

5 

7 

Typhoid fever and vacci- 
nated 

G to 8 mo. 
before 

1:59 

71.4 

1.50 


* The letter A. signifies agglutination; O.F., complement fixation. 


COMMENT 

Hesitation has just been expressed in stating any very definite 
relationship between complement fixation, agglutination and the 
typhoidin cutaneous test. Still greater caution needs to be exercised 
before interpreting the findings of any of these procedures in terms 
of immunity. It should be clearly recognized that the only reason 
for attaching an immunity significance to one of these tests is the fact 
that they are positive (part of the time and in varying degrees) among 
classes of individuals who, experience has proved, are largely (not 
invariably) immune to typhoid fever. It has never been shown that 
the cases of typhoid fever subsequent to vaccination or a previous 
attack of the disease are those who react negatively to any of d ieS ® 
tests. Moreover the low averages in all three columns of Table 
(those who have had typhoid fever), if substantiated by su cien 
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Tolerance in Diseases of the Pancreas. — Three patients, one with 
organic disease of the pancreas and the other two with suspected mild 
diabetes mellitus, were tested for their glucose tolerance. In both a 
low limit was demonstrable. The first suffered from a chronic inter- 
stitial pancreatitis, a diagnosis which was confirmed by subsequent 
operation. His tolerance limit lay below 0.7 gm. per kilogram of body 
weight per hour. The second patient had recently shown a trace of 
sugar in the urine at a life insurance examination, but had been sugar 
free since then. His tolerance lay below 0.5 gm. per kilogram per 
hour. The third was similar to the second, with a tolerance of 0.4 gm. 
per kilogram per hour; but since the state of his nutrition and other 
factors besides the pancreatic disease were not strictly comparable with 
the controls, some reserve is expressed as to the significance of this 
result. 

Tolerance in Diseases of the Thyroid. — Five patients with exoph- 
thalmic goiter, two men and three women, have been tested for their 
glucose assimilation and in all the tolerance limits were reduced. Two 
of these patients had severe general symptoms and these cases showed 
glycosuria when glucose was administered at the rate of 0.5 gm. per 
kilogram per hour. Two milder cases gave a limit exceeded by the 
administration of 0.6 gm. per kilogram per hour, and the fifth, a still 
milder case, had a tolerance between 0.6 and 0.7 gm. per kilogram 
per hour. It would appear, therefore, that a depressed glucose toler- 
ance is a fairly constant accompaniment of exophthalmic goiter. Such 
results are in harmony with the observation of alimentary glycosuria 
in exophthalmic goiter made by Kraus and Ludwig, 17 Chvostek, 13 Falta 13 
and many others and with the glycosurias which may be produced in 
animals and normal persons by feeding thyroid tablets (Ewald, 20 
Dale, 21 Denning, 22 von Noorden 23 and others). On the other hand, a 
typical case of myxedema was found to have a normal tolerance, by 
the intravenous method, a result which is not in agreement with the 
observations of those who use the alimentary tests and find high 
assimilation limits in this disease, suggesting that a delay in the rate 
of absorption is accountable for their findings. 

Tolerance in Disease of the Hypophysis. — Two cases of acromegaly 
have been studied, one case of suspected gigantism and two with dys- 

17. Kraus and Ludwig: Wien. kliu. Wchnschr., 1891, 4, 898. 

18. Chvostek: Wien. klin. Wchnschr., 1892, 5, 17. 

19. Falta: Die Erkrankungen der Blutdrusen, Berlin, 1913, p. 65. 

20. Ewald : Die Erkrankungen der Schilddriisen, Myxodem und Kretinismus, 
Ed. 2, Leipzig, 1909. 

21. Dale: Brit. Jour. Dermat., 1894, 6, 177. 

22. Denning: Munchen. med. Wchnschr., 1895, 42, 389. 

23. Von Noorden: Ueber den Einfluss der Schilddriisenbehandlung auf den 
Kohlehydratstoffwechsel, Berl. klin. Wchnschr., 1897, 34, 518. 
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1. In comparison with army vaccine, sensitized vaccine sediment 
produces small amounts of agglutinins. 

2. Complement fixing antibodies are found in about equal amounts 
in the serum of those who have had army vaccine and those who have 
received sensitized vaccine. 

3. It has been shown anew that for individual cases serologic and 
allergic immunity tests in their present form are inconclusive as 
measures of typhoid immunity. 

45. In addition to the references already given, the following will be found 
of interest: 

Garbat, A. L. : The Complement Fixation Test in Typhoid Fever, Its Com- 
parison with the Agglutination and Blood Culture Method, Am. Jour. 
Med. Sc., 1914, 148 , 84. ' ‘ 

Kilgore, Eugene S.: The Typhoidin Quotient, The Archives Int. Med., 1916, 

17 , 25. 

Liebermann, L., and Acel, D. : Ueber antigene Wirkung sensibilisierter und 
nicht sensibilisierter Blutzellen und Typhusbacterien, Deutsch. med. 
Wclmschr., 1915, 41 , 965. 

Smith, T. : The Underlying Problems of Immunization; reference in Jour. 
Am. Med. Assn., 1916, 66, 1740, and Med. Rec., New York, 1916, 89, 974. 

Ardin-Delteil, Negre and Raynaud: Recherches cliniques et experimentales 
sur la vaccinotherapie de la fievre typlioide par le virus sensibilise de 
Besredka, Ann. de l’lnst. Pasteur, 1913, 27, 644. 

Force, J. N. : Institutional Vaccination Against Typhoid Fever, Am. Jour. 
Pub. Health, 1913, 3 , 750. 
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mental findings without entering into detailed considerations of the 
physiologic factors which have been concerned. 

Observations have been made of the intravenous glucose tolerance 
limit in the following clinical conditions: chronic interstitial pancrea- 
titis, one case ; very mild diabetes, two cases ; thyroid disease, six cases, 
five representing different grades of symptoms of hyperthyroidism 
and one .a typical instance of myxedema ; hypophysis disease, five cases 
giving clinical pictures which would be designated as such; gigan- 
-tism (?), one case; Frolich syndrome, two cases (one with diabetes 
insipidus and one without); acromegaly two cases; and cirrhosis of 
the liver, one case. 

Many questions which arise as to the variations of the intravenous 
glucose tolerance as the result of variations in the state of nutrition, 
the amount of stored glycogen, the character of the previous diet, the 
water and salt balance of the body, etc., will be further discussed in 
other reports from this laboratory. 

CONCLUSIONS 

The following conclusions would appear to be justified: 

1. Normal resting adult men and women of average size, weight 
and nutrition begin to excrete abnormal quantities of glucose in the 
urine when the injection rate into the vein is above 0.8 gm. and below 
0.9 gm. per kilogram of body weight per hour. 

2. Cases of nondiabetic pancreas disease may evince a lowered 
tolerance for glucose when measured by this method even when admin- 
istration of glucose by the alimentary route gives no definite evidence 
of such diminution. The same is true of very mild cases of diabetes 
mellitus. In these cases it may be fancied that the lowered tolerance 
arises from a diminished utilization. 

3. Cases with increased thyroid function show a uniformly dimin- 
ished intravenous glucose tolerance. In such cases it is suspected that 
this effect may be ascribed to an increased glycogenolysis, which is 
tantamount to an endogenous glucose supply to the cells /superimposed 
on the intravenous injection, or, what amounts virtually to the same 
thing, a decreased ability on the part of the body to build up glycogen, 
since increased glycogenolysis implies the disbalance between the syn- 
thesis and catalysis of glycogen in favor of the latter. On the other 
hand, a case with decreased thyroid function (myxedema) showed no 
increased glucose tolerance, but appeared to have a normal tolerance, 
excreting sugar promptly when this was injected at a rate faster than 
0.9 gm. per kilogram of body weight per hour. 

4. In none of the cases of hypophysis disease has there been any 
increase of the glucose tolerance above the normal limits, but on the 
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It does not appear that he drew a distinction between tolerance and 
assimilation limits, and since this time assimilation limits, as measured 
by Hofmeister’s method, have been interpreted as tolerance limits. 

In 1895 Linossier and Roque 5 6 confirmed the observations of Worm 
Miillei and Plofmeister, but proposed, as a truer measure of the assimi- 
lability (Nutzwert) of a sugar, the coefficient obtained by dividing the 
quantity of sugar excreted by the quantity given. The constants as 
found by these authors were variable, even for the same sugar; but in 
1898 Gilbert and Carnot 0 obtained a fairly constant ratio of excretion 
to administration by giving the sugar intravenously. Inconstant pro- 
portions occurred when the injected amounts were small, but with doses 
between 2.5 and 10 gm. per kilogram of body weight, the ratio of grams 
excreted and grams injected was always about 40 to 100. 

The intravenous injection of sugar is an old procedure and it lias 
frequently been observed when different sugars were given in this way 
that some were excreted more freely than others. On the basis of 
such observations conclusions have been drawn regarding the relative 
utilizabilities of the various sugars. But whether these conclusions are 
justified on the basis of the experiments made is open to question 
because of the excessive variations that occur in the results of different 
writers and even in those of the same observer. Pavy, 7 8 9 for example, 
after injecting the same sugar (glucose) in doses of 0.25 gm. per kilo- 
gram of body weight in a series of rabbits, recovered in the urine of 
one as little as 3.1 per cent, and from another as much as 39.6 per cent. 
More consistent results with intravenous injections were obtained by 
McGuigan and Mathews,® who gave dilute, 0.5 per cent., sugar solution 
in such a manner that 5 c.c. entered every five minutes. In some cases 
these 'injections were continued for as long as seventy-seven minutes 
and conclusions concerning the relative ease of oxidation of the sugars 
were drawn from their time of appearance in the urine. Previous to 
this Doyon and Dufourt 0 had discovered that the rate of intravenous 
administration influenced the amount of sugar excreted and it would 
appear that the variation in the results obtained by the earlier writeis 
was due to their failure to appreciate the importance of controlling the 
rate of injection. Doyon and Dufourt used dogs and gave to each 2 
gm. of glucose per kilogram of body weight, “en un temps variable 
mais avec une vitesse toujours uniforme.” They do not explain how 
they maintained such constant injection rates and simply repoit tie 


5. Linossier and Roque: Arch, de med. exper. et d’anat. path. ,1895, 7, 2.8. 

6. Gilbert and Carnot: Compt. rend. Soe. de biol., 1898, 50, 3 jU. 

7. Pavy: Jour. Physiol., 1899, 24, 479. _ 

8. McGuigan and Mathews: Am. Jour. Physiol., 1907, 1», £>• 

9. Doyon and Dufourt: Jour, de physiol, exper., 1901, 3, 703. 
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gni. per kilogram of body weight per fifteen minutes, that is 0.36 and 
0.64 gm. per kilogram per hour). 

There can be no doubt of the correctness of the principle stated 
by Blumenthal or of the insuperable difficulties which lie in the way 
of accurate measurement of the power of the tissues to utilize sugar 
when methods are used in which it is impossible to control the rate 
of entry of sugar into the blood. If the sugar is given by mouth, as in 
the Hofmeister procedure, the rate of absorption will depend on varia- 
ble factors entirely beyond control, and when the subcutaneous or intra- 
peritoneal routes are chosen the same difficulty is encountered. A toler- 
ance limit obtained by such methods is at best only the resultant of 
absorption and utilization, and yet since the appearance of Blumenthal’s 
article writers other than those quoted above have failed to appreciate 
the soundness of his views and continue in their adherence to absorp- 
tion methods. 

In clinical studies it is a common practice to give by mouth 100 gm. 
of d-glucose dissolved in 2 00 c.c. of water or lemonade and to speak 
of a low tolerance if this amount of sugar leads to melituria. If no 
melituria results when 150 or 200 gm. are fed, tolerance is considered 
high, but the test is by no means reliable, as many normal persons 
can tolerate any quantity of glucose which they can be made to take 
and retain, a fact which has been confirmed strikingly by the experi- 
ments of Taylor and Hutton. 13 Nevertheless, such tests have been 
applied in a wide variety of clinical conditions, especially in diseases of 
the “glands of internal secretion,” and have formed the basis of exten- 
sive theory. Other methods for measuring tolerance have received little 
attention from clinicians. Subcutaneous injections of sugar have been 
made (Voit, 14 Achard 15 and others), but the pain and danger of infec- 
tions which they involve have limited their general use. Intravenous 
sugar injections, while employed for therapeutic purposes (Kausch 10 
and others) have not been used in clinical tolerance studies and the 
attention of clinicians seems not to have been directed to the con- 
tribution of Blumenthal. 

But while Blumenthal's statement of the principles governing 
accurate measurement of sugar tolerance is sound and demands recog- 
nition, his technical application of these principles is capable of 
improvement. This is particularly true if the method is to be applied 
in clinical investigation. Blumenthal’s method involves repeated injec 
tions at fifteen minute intervals, and the technical difficulties of per- 
forming these on time, and with assurance that no leakage occurs, are 

13. Taylor and Hutton: Jour. Biol. Chem., 1916, 25, 173. 

14. Voit, F. : Deutsch. Arch. f. klin. Med., 1897, 58, 523. 

15. Achard, cited by Lepine: Le diabete sucre, Paris, 1909, p. 23 4. 

16. Kausch; Deutsch. 1 med. Wchnschr., 1911, 37, 8. 
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The limits for d-glucose of different dogs and rabbits tested in this 
way were nearly constant and approximated Blumenthal’s higher 
figures, as might be anticipated. Reports of these animal experiments 
will appear in other communications, as the present paper is limited 
to the results obtained in human subjects. 

PROCEDURE IN TESTING THE d-GLUCOSE TOLERANCE OF MAN 

It is to be anticipated that the intravenous tolerance limits for 
glucose will vary with a number of physiologic factors capable of 
influencing the basal metabolism. If the tolerance is expressed as 
grams of glucose per unit of body weight per unit of time, then sex, 
age, the proportion of the different types of tissue entering the body 
structure, the relative proportion of fat, glycogen and protein in the 
respective tissues, the ratio of surface to mass, the state of the activity 
of the muscles, etc., all require due consideration. In the present study 
it was found that in health both men and women showed the same 
tolerance. The influence of age was minimized by confining the work 
to adults between the ages of 20 and 45. (One child of 14 is reported.) 
The subjects chosen were with one exception in an average state of 
nutrition. All had been on a general mixed diet for several days before 
examination and none had partaken excessively of carbohydrates. On 
the day of the test no food was given by mouth and the sugar injection 
was commenced in the afternoon between 2 and 4 p. m. Uniform 
conditions of rest were secured by keeping the subjects in bed on the 
day of the test, and finally, in order to minimize possible delays in 
the excretion of glucose, once the tolerance limit had been exceeded, 
as well as to study the effects of different rates of glucose injection 
on the diuresis, water was given by mouth in amounts equivalent to 
the amount of fluid necessary to administer during the injection, in 
such a way that the subject would receive during each hour of the 
foreperiod an amount of water equivalent to the quantity which he was 
to receive by vein in each hour of the test. 

Material. — The d-glucose employed in earlier experiments was a 
preparation of Merck labeled “purissimum.” Later a high grade 
granular commercial dextrose (Argo corn sugar) was purified in the 
laboratory by decoloration with animal charcoal and repeated recrystal- 
lization from alcohol. The final product was dissolved in freshly dis 
tilled water (prepared with such precautions as are employed for sal- 
varsan administration) to make from 16 to 20 per cent, solutions. 
(The molecular weight of glucose being ISO, the gram molecular solu 
tion is 18 per cent.) Such a solution is sufficiently hypertonic to avoid 
hemolysis and has been found for other reasons to be the best standar 
solution to employ for the present purposes. In earlier experiments 



W ILDER-SAN SUM— d~GLU COSE TOLERANCE 


325 


improvement following operation, gaining 12 pounds in weight. A second 
operation was made on Jan. 22, 1916, and the mass in the head of the pancreas 
was found to be smaller. Probable diagnosis was made of ulcer of the duodenum 
with secondary chronic pancreatitis and obstructive jaundice. 

An intravenous glucose tolerance test on this patient made Nov. 22, 1915, 
gave the results shown in Table 5. The weight of patient was 54.3 kg. 


TABLE 5. — Glucose Solution, 20.25 Per Cent, by Polariscope 


Bate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

O.e. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 1 

Total 

Gm. 

0.2 

0.89 

30 

0 

i 


0.5 

2.24 

70 

0 



0.7 

3.13 

32 

Trace 

0.1 

0.25 

0.9 

4.02 

35 

+ + 

o.os 

2.00 


The threshold of tolerance lies at or very close to 0.7 gm. per kilogram of 
bodyweight per hour, which is slightly below normal. 


Case 6. — Diagnosis, mild diabetes. R, D., a physician, aged 33, showed a 
trace of sugar in the urine in a recent examination. In one twenty-four hour 
specimen this had amounted to 0.2 per cent. He had suffered from an attack 
of appendicitis and underwent an operation in 1911. Two sisters had died of 
tuberculosis and one brother was obese, weighing 225 pounds. 

The patient was a tall, muscular man. The tonsils were small and cryptic. 
There were a few fillings in the teeth and the gums were retracted at the 
roots of the left upper molars. The thyroid was not enlarged. A urinalysis 
was negative. 

An intravenous glucose tolerance test was made and resulted as shown in 
Table 6. The weight of the patient was 83.2 kg. 


TABLE 6.t-Glucose Solution, 21.94 Per Cent, by Polariscope. 


Bate of Injection 

Minutes of 
Injection 

! Urine Giucose 

i 

Gm. per Kg. 
per Hr. 

O.e. Solution 
per Min. 

Haines’ i 
Test 

Per Gent, by 
Polariscope 

Total 

Gm. 

0.5 

3.16 

30 

++ 

0.69 

0.63 

Subsequent loss 




1.19+ 





1.72+ 







The threshold of tolerance lies well below 0.5 gm. per kilogram of body- 
weight per hour. The urine was only collected for one hour after the injec- 
tion stopped. 


Case 7. — Diagnosis, mild diabetes. W. K., aged 49, was admitted to the 
service of Dr. Billings at the Presbyterian Hospital on June 23, 1916. His 
complaints were aching pains in the right thigh and the suspicion of ‘diabetes. 

He gave a history of excellent health up to 1910, when sugar was found in 
his urine. At that time he was losing weight, had excessive thirst and hunger 
and polyuria. He was placed on a restricted diet and was soon apparently 

normal. During the last year he has had rather frequent urination and for the 

>■ 
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The initial rate for injection is purposely chosen below what is 
thought to be the velocity of assimilation ; for example, if the subject 
is apparently normal, it is assumed that a rate of 0.7 gm. per kilogram 
of body weight per hour will be tolerated, and this rate is given. If 
the patient weighs 75 kg. and the glucose solution, as determined by 
polariscope, is 20 per cent., this would mean an injection of 0.7X75 
X5, or 262.5 c.c. of a 20 per cent, solution per hour, or 4.37 c.c. per 
minute. The machine is set to deliver the solution at this rate, the 
needle is introduced into a suitable vein and the injection begins. 

This initial injection rate must be maintained long enough to permit 
a thorough saturation of the tissues before the urine is collected and 
tested for sugar. This requires from twenty to thirty minutes, as has 
been found by experiment. If the injection rate only slightly exceeds 
the rate of utilization, glycosuria will occur within this time; if it does 
not, no glycosuria will occur even after several hours of continuous 
injection. This latter statement is based on experiments with dogs. 
For this reason the first collection of urine is made about thirty 
minutes after the- beginning of the experiment. One cubic centimeter 
of urine is added to 5 c.c. of heated Haines’ solution, the mixture 
boiled for ten seconds and cooled and the absence of reduction is taken 
to indicate that the tolerance of the patient lies above the rate of 
injection. The injection is then accelerated and continued for thirty 
minutes at this higher rate, for example, at 0.8 gm. per kilogram per 
hour in the case under consideration. The urine is then tested again 
and by gradually stepping up the rate of injection, 0.1 gm. per kilogram 
per hour at a time, that rate can be found which first causes glycosuria 
and the rate just preceding this is accepted as the tolerance limit. 

RESULTS 

d-Glucose Tolerance in Health . — Four young adults, two men and 
two women, were chosen for the tests of normal glucose tolerance. 
All of them had been working in the medical college or the hospital 
and were known to be in good health. On the day preceding the test 
they were put to bed and subjected to the experimental conditions out- 
lined above. The results in all these cases were the same. Glucose 
injected at the rate of 0.8 gm. per kilogram of body weight per hour 
caused no glycosuria, but in each case sugar appeared in the urine 
when the injection rate was 0.9 gm. per kilogram per houi. From 
this it would appear that the tolerance limit for d-glucose of normal 
men and women is practically constant and that it equals a rate o 
approximately 0.85 gm. per kilogram of body weight per horn of time. 
For a 75 kg. man such an injection would represent the administration 
of 63.75 gm. per hour. 
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Case 9. — Diagnosis, hyperthyroidism. E. L., a woman, aged 32, was admitted 
to the service of Dr. B. W. Sippy at the Presbyterian Hospital on Jan. 16, 
1916, with complaints of goiter, bulging eyes, palpitating heart, nervousness and 
weakness. The family history was remarkable in that ail the female members 
of the mother’s side, including the grandmother, had large goiters. None had 
suffered from symptoms of exophthalmic goiter. 

The patient had no goiter until the onset of the present trouble, but was 
always nervous. She had measles at 9, and had suffered from catarrh of the 
nose and throat from her eighteenth year. At 25 came an acute attack of 
tonsillitis. Her present illness commenced two months ' before admission with 
painful swelling of the thyroid. The pain disappeared in a week, but the 
.✓swelling persisted; exophthalmos, palpitation and tremors appeared; she grew 
very nervous and lost weight rapidly. 

Examination revealed a young woman in a fair state of nutrition. Exoph- 
thalmos was extreme and von Graefe, Mobius and Stelhvag signs were present. 
The goiter was of medium size and of a uniformly firm consistence. A sys- 
tolic bruit was heard over it. Submanubrial dulness was 7 cm. wide (thymus?). 
The heart was normal in size, the pulse 112 and regular. The leukocyte count 
was 8,500 with 45 per cent, mononuclears. The urine was normal on repeated 
examination. 

An intravenous sugar tolerance test was made with results as shown in 
Table 9. The weight of the patient was 62.3 kg. 

TABLE 9. — Glucose Solution, 17.6 Per Cent, by Polariscope 


Rate of Injection Urine Glucose 

Minutes of 

Gm. per Kg - . O.c. Solution Injection Haines’ Per Cent, by Total 

per Hr. per Min. Test Polariscope Gm. 

0.5 2.95 45 0 

0.6 3.54 46 + 0.5 3.23 

Subsequent loss 3.41 

Total glycosuria 6.61 

Tolerance lies between 0.5 and 0.6 gm. per kilogram per hour. 


Case 10. — Diagnosis, hyperthyroidism. A. S., a man, aged 41, was admitted 
, to the service of Dr. C. B. Davis of the Presbyterian Hospital on Aug. 16, 1915, 
with complaints of goiter, prominence of the eyes, palpitation, nervousness and 
loss of weight. His disease begamin 1903 with, thyroid swelling and nervous- 
ness. Exophthalmos occurred in 1904 and until 1905 he was very ill. Then 
followed a period of improvement, lasting until 1913, but after 1913 he suffered 
from extreme nervousness and palpitation and has lost twenty-five pounds in 
weight. Sugar has been found in the urine on several occasions. 

When examined the patient presented the typical appearance of exophthalmic 
goiter. He was very thin, very weak and highly nervous. Exophthalmos was 
extreme, and von Graefe, Mobius and Stelhvag signs were positive. The 
tumor of the neck was large and of a uniformly hard consistence. Over it was 
heard a systolic, diastolic bruit. The veins of the neck were distended. The 
heart was enlarged to the left, the apex lying in the fourth space, 11 cm. to 
the left of the midsternal line. A soft systolic murmur occurred over the 
apex; a louder systolic murmur was heard at the base and this was trans- 
mitted to the neck. The pulse rate was 104. A blood count on the day of 
admission gave 6,150 whites, with a mononuclear percentage of 29. The urine 
was normal. 
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pituitarism, showing the Frohlich syndrome. The glucose tolerance 
of all these cases was found to lie close to the normal limits. Three 
showed a bare trace of sugar in the urine after the injection of 0.8 
gm. per kilogram per hour and all gave a definite glycosuria after 
receiving 0.9 gm. per kilogram per hour. These results are in disagree- 
ment with those obtained when the oral administration is used (Cush- 
ing, 21 Bondi, 25 Falta 19 ) and suggest, as in the case of myxedema, that 
the increased tolerance of such patients for sugar given by mouth is 
due rather to a retarded absorption from the bowel than to any anomaly 
of the intermediate metabolism, as certain writers have assumed. 

Tolerance in Cirrhosis of the Liver . — A normal d-glucose tolerance 
limit was found in a case of alcoholic cirrhosis. 

SUMMARY 

Adopting the premise previously suggested by Doyon and Dufourt, 
and notably Blumenthal, that glucose tolerance must be dealt with as a 
velocity, that is, in terms of the number of grams of glucose which 
may be brought into the tissue per unit of body weight per unit of 
time without causing an abnormal overflow of glucose into the urine, 
we injected from 16 to 20 per cent, solutions of pure d-glucose intra- 
venously at different uniform rates by means of the motor driven 
quantitative injection pump, which has been described in other reports 
from this laboratory. Observations have been made on rabbits, dogs, 
and normal resting men and women of average size, weight and nutri- 
tion. These experiments indicate that glycosuria appears when the 
rate of injection lies above 0.8 gm. and below 0.9 gm. per kilogram of 
body weight per hour. 

It is realized that variations from these limits may be ascribed, a 
priori, to any one of several factors, namely, (1) variation in the 
ability of the colloids of the body at large, including those of the kid- 
ney, to hold glucose in a state of adsorption or its equivalent (varia- 
tions in the threshold for glucose) ; (2) the variation in the rate at 
which glucose may be entering the cells from endogenous sources, 
notably glycogen and protein, but especially the former, since endoge- 
nous supplies of glucose to the cells must be regarded as superadding 
themselves to the glucose supplied by injection; (3) to variation in the 
rate at which glucose can be utilized within the cell, the utilization in 
this instance being taken to imply the sum of those processes by which 
glucose may undergo a chemical change into some substance other than 

glucose. 

The purpose of the present report is to record objectively expen- 

24. Cushing: The Pituitary Body and Its Disorders, Philadelphia, 1911. 

25. Bondi: Arch. f. exper. Path. u. Pharmakol., 1910, 63, 347. 
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From October 6 to October 12 the patient received 9 gm. of thyroid extract 
daily and within forty-eight hours the thyroid became more prominent and the 
nervousness and tremors increased. The thyroid extract was discontinued. The 
tonsils were removed and the teeth attended to. 

An oral sugar tolerance test was made on October 22. One hundred gm. 
of glucose given on the fasting stomach produced no glycosuria. 

An intravenous glucose tolerance test was made on November 29, and resulted 
as shown in Table 11. The weight of the patient was 47 kg. 

Case 12. — Diagnosis, hyperthyroidism. A. W., a woman, aged 30, suffered 
from goiter, dyspnea, and palpitation for four years. An attack of tonsillitis 
with fever immediately preceded the first appearance of these symptoms. 
Another severe attack of tonsillitis three years later was followed at once by 
nervousness, tachycardia and loss of weight. 

The patient presented a moderate enlargement of the isthmus of the thyroid 
and a von Graefe. The pulse ranged from 90 to 110. Exophthalmos and 
tremor were absent. The tonsils were atrophic, but showed in their scarred 
fibrous surfaces and adhesion to the pillars definite evidence of infection. A 
moderate anemia was found. The leukocyte count was 8,000 and the mono- 
nucleosis 45 per cent. The urine was normal. 

An intravenous tolerance test resulted as shown in Table 13. The weight 
of the patient was 49.54 kg. 


TABLE 12. — Glucose Solution, 40.59 Per Cent, by Polariscope 


Bate of Injection 

I 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

C.C. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

Total 

Gm. 

0.5 

1.02 

60 

0 

! 


0.7 

1.42 

SO 

++ 

0.43 J 

0.75 

SnbSROiipnt Insa 

, 

0.95 

* 





Total plvnoKiirin 




1.70 







The threshold of tolerance lies well below 0.7 gm., but above 0.5 gm. per 
kilogram of body weight per hour. 


Case 13. — Diagnosis, myxedema. Mrs. A. L., aged 64, was admitted to the 
Presbyterian Hospital on Aug. 15, 1916, with complaints of thickened skin, 
stiffness of the hands and feet and mental dulness. The family history was 
negative except for one daughter, who developed an exophthalmic goiter when 
40 years of age. The patient has had twelve healthy children, and gives no 
history of syphilis. She was always well up to her 61st year, when symptoms 
of the present trouble appeared. 

The diagnosis of myxedema was made at the Central Free Dispensary in 
1913, and for several months the patient received thyroid extract, but for the 
last two years she has been away and has had no treatment. 

Examination showed the patient to be an elderly Jewish woman who appeared 
uninterested in her surroundings and mentally dull. The skin was dry and 
stretched tight over the arms and legs. It had a board-like or bacony feel, 
especially over the face and arms. There were no axillary hairs, the eyebrows 
were scanty, and the hair of the scalp was thin and very dry. The pulse 
was slow, 60 to 70, and the respiration was shallow. The thyroid was not 
palpable. The lungs had normal resonance, and the breath sounds were clear, 
except for occasional moist rales at the base. The abdomen was negative. 
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contrary, a tendency toward decrease, which would seem to imply that 
increases of glucose tolerance in such cases, following alimentary 
administration of glucose, are due to delays in absorption rate rather 
than to changes in the intermediate metabolism. 

5. The d-glucose tolerance of an advanced case of alcoholic 
cirrhosis of the liver was found to be normal. 

6. The determination of glucose tolerance by the method described 
is a practical clinical procedure, more accurate than those methods 
which depend on absorption from a local site as a preliminary to the 
entrance of glucose into the blood and giving more constant results 
than have been obtained by any other technic involving intravenous 
injections. 

PROTOCOLS AND CASE HISTORIES 

The protocols of these experiments, the case records and a com- 
posite chart of the results (Fig. 2) are appended. 

Case 1. — B. T., a healthy woman, aged 25, weight 42.7 kg., rested in bed 
on the day of the test. 


TABLE 1. — Glucose Solution, 18 Per Cent, by Polariscope 


Rate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

C.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

Total 

Gm. 

O.S 

3.10 

30 

0 



, 0.9 

3.50 

30 

4*4* 

0.4 

j 

0.90 


0.75+ 


I 

1.71+ 





1 




Tolerance lies between 0.8 and 0.9 gm. per kilogram per hour. 


Case 2. — P. G., a healthy woman, aged 21, weight 60 kg., rested in bed on 
the day of the test. 

TABLE 2. — Glucose Solution, 18 Per Cent, by Polariscope 


Rato of Injection 

.Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 1 

O.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

Total 
' Gm. 

O.S 

4.45 

38 

Trace* 

i 

0.16 

0.77 

0.9 

5 

20 

+ 

0.33 

1.45 


i 


2.22+ 


the last three minutes of injection at the O.S gm. rate 

This accounts for the trace of sugar found in the urine. The tolera c 


* During 

accelerated > Mtiv »» 

fore, probably'Ties “above ‘5.8 ”but“below”b.9gm." per' ‘kilogram per hour. 
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An oral glucose tolerance test was made on March IS, 1915. On giving 
125 c.c. of glucose at 7 a. m., mo glycosuria resulted. 

The patient returned to the hospital in November. His condition had 
remained practically stationary. An intravenous tolerance test was made and 
resulted as shown in Table 14. The weight of the patient was 103.6 kg. 

Case 15. — Diagnosis, acromegaly. C. H., man aged 38 was admitted to the 
service of Dr. Dean Lewis of the Presbyterian Hospital on Jan. 4, 1916, with 
complaints of diminishing vision, increasing size, headache, weakness and loss 
of sexual desire. The patient was an adopted child and could tell nothing about 
his parents. At 7 years of age he had a severe illness the nature of which he 
ignores, and in 1906 suffered from a light attack of malaria. He was married 
in 1915 and had no children. The present illness' seems to have begun in 1913, 
when he began to increase in size and weight. He is now 6 feet 1 inch tall and 
weighs 210 pounds. His former weight was 185. His feet and hands are bigger 
and he is obliged to buy 7Vi inch size of hats instead of his former size 6%. 
Visual disturbance first occurred in February, 1915. 

On examination the findings were those typical of acromegaly and roent- 
genograms of the hypophysial region revealed a sella very much enlarged. 
The leukocyte count was 7,600, with 58 per cent, mononuclears. The urine 
was normal on repeated examination. Two hundred gm. of glucose were 
given by mouth without producing glycosuria. 

An intravenous tolerance test resulted as shown in Table 15. The weight 
of the patient was 95.5 kg. 


TABLE 15. — Glucose Solution, 19.01 Per Cent. ' 


- ■■ — 1 

Bate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

C.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polarlscope 

Total 

Gm. 

0.7 

5.85 

30 

0 


*■ 

0.9 

7.52 

30 

+ + 

3.18 

2.7 

' 

7.98 

* 





f Tnf:nl crlvrnsuria 




10.68 







Tolerance lies below 0.9 gm., but above 0.7 gm. per kilogram per hour. 


Case 16. — Diagnosis, hypophysial disease (Frolich syndrome). H. C., a 
girl, aged 14, complained of obesity, delayed sexual development and frontal 
headache. The headaches, began when she was about 10 years old. At 12 
obesity was noticeable. At 13 she became uncertain of her balance and would 
sometimes fall to the ground, without, however, losing consciousness. She 
has never menstruated. 

Examination revealed a corpulent child of small stature, mentally very 
bright. The head was larger than normal. The vision was good and the 
color fields were unaltered. The pupils, however, reacted sluggishly and both 
optic disks were abnormally pale, so that an early optic atrophy was diagnosed. 
Secondary sexual characteristics were lacking. 

Urine examinations were completely negative and the twenty-four-hour 
urinary amounts were normal. The spinal fluid contained only 5 cells per c.mm. 
and gave negative Wassermann, Nonne and Lange tests. Roentgen-ray plates 
of the head showed a sella much increased in size. A subsequent decom- 
pression operation revealed marked intracranial pressure. 
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contrary, a tendency toward decrease, which would seem to imply that 
increases of glucose tolerance in such cases, following alimentary 
administration of glucose, are due to delays in absorption rate rather 
than to changes in the intermediate metabolism. 

5. The d-glucose tolerance of an advanced case of alcoholic 
cirrhosis of the liver was found to be normal. 

6. The determination of glucose tolerance by the method described 
is a practical clinical procedure, more accurate than those methods 
which depend on absorption from a local site as a' preliminary to the 
entrance of glucose into the blood and giving more constant results 
than have been obtained by any other technic involving intravenous 
injections. 

PROTOCOLS AND CASE HISTORIES 

The protocols of these experiments, the case records and a com- 
posite chart of the results (Fig. 2) are appended. 

Case 1. — B. T., a healthy woman, aged 25, weight 42.7 kg., rested in bed 
on the day of the test 


TABLE 1. — Glucose Solution, 18 Per Cent, by Polariscope 


Rate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

C.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

Total 

Gm. 

0.8 

3.16 

30 

0 

| 


, 0.9 

3.50 

30 

+ 4- j 

0.4 | 

0.96 

Subsequent loss 

0.75+ 


I 

1.71+ 





1 



Tolerance lies between 0.8 and 0.9 gm. per kilogram per hour. 


Case 2. — P. G., a healthy woman, aged 21, weight 60 kg., rested in bed on 
the day of the test. 

TABLE 2. — Glucose Solution, 18 Per Cent, by Polariscope 


Rate of Injection 


Gm. per Kg. 
per Hr. 


0.8 

0.9 


O.c. Solution 
per Min. 


4.45 

5 


•Minutes of 
Injection 


38 

20 


Urine Glucose 


Haines’ 

Test 


Trace* 

+ 


Per Cent, by 
Polariscope 


0.16 

0.33 


Subsequent loss.. 
Total glycosuria. 


Total 

Gm. 


0.77 

US 

? 


2 , 22 + 


•During the last three minutes of injection at the 0.8 gm. rate th S,.P u ^ er a C nce, e there^ 
accelerated. This accounts for the trace of sugar found in the urine. The 101 
fore, probably lies above 0.8 but below 0.9 gm, per kilogram per Hour. 













WILDER-S AN SUM~d-GLU COSE TOLERANCE 


333 


The first symptoms of disease occurred in 1907 and consisted of severe head- 
ache, occasional vomiting and excessive thirst. He would drink from 10 to 12 
gallons of water a day. Sexual power was lost in 1911. Since 1913 he has been 
\ free from headaches and the thirst has been somewhat less. The appetite has 
always been moderate. He had four or five gonorrheal infections, and in 
1901 a genital chancre. He was treated for this and no secondary symptoms of 
Syphilis followed. 

Examination revealed a moderately corpulent man of medium height and 
\yith small bones. The pubic hairs were found scanty and had a feminine 
distribution. The beard was very thin. Penis and testicles were small. In 
the right eye was a cataract, in the left the vision was good, but the red 
and green color fields showed some interlacing of their margins. The urine 
was found to be large in amount, the twenty-four-hour specimens containing 
from 3,000 to 6;00Q c.c. The specific gravity was low and sugar was absent. 
Roentgenograms of the head revealed a slight enlargement of the sella and 
destruction of the posterior clinoid processes. 

The intravenous glucose tolerance test resulted as shown in Table 18. The 
weight of the patient was 63.6 kg. 

i 

■TABLE 18. — Glucose Solution, 20.11 Per Cent, bv Polariscope 


Rate of Injection » Urine Glucose 

Minutes of 

Gm. per Kg. O.c. Solution Injection Haines’ Per Cent, by I Total 

per Hr. per Min. Test Polariscope j Qm. 


0.5 2.61 43 I 0 

O.fl 3.16 69 0 

O.S 4.22 60 0 

0.9 4.76 87 + 0-29 0.69 


Subsequent loss 0.S6 


Total glycosuria 1.45 


The threshold of tolerance lies between 0.8 and 0.9 gm. per kilogram of 
body weight per hour. 

Case 19. — Diagnosis, cirrhosis of the liver. G. R., a man, aged 47, was 
admitted to the service of Dr. Billings at the Presbyterian Hospital on June 29, 
1916. His complaints were loss of weight, -weakness and pigmentation of the skin. 

The history contained a record of scarlet fever at the age of 11 and malaria 
at 25, but excepting these illnesses, good health up to the spring of 1916. 

Since April he has felt weak, has decreased in weight from 202 to 162 pounds, 
and has observed a pigmentation of the skin of the entire body. There has never 
been any icterus of the sclera and the color of the skin is more brown than 
yellow. In May he visited the dispensary, and from there was sent to the 
hospital. His family and venereal records are negative, but for^ years he has 
been drinking daily very considerable quantities of beer and whisky. 

Examination revealed a poorly nourished man of average height. The pig- 
mentation of the skin was unequally distributed, the nippies, pubic region and 
axillae were very dark; there were no spots in the mouth and the sclera 
were clear. There was a moderate pyorrhea and the teeth were discolored. 
The chest was normal in - shape, the lungs slightly emphysematous, the heart 
borders somewhat wider than normal. A slight systolic blow was heard at 
the apex. The abdomen was somewhat pendulous, but contained no fluid. 
The spleen was palpable during inspiration, very firm, smooth and not tender. 
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Ca se 3.- W. S., a healthy man, aged 35, weight 732 kg., rested on the 
day of the test. 


TABLE 3.— Glucose Solution, 40.91 Per Cent. 


Rato ot Injection. 

Minutes of j 
Injection , 


Urine Glucose 


Gm. per Kg. 1 
per Hr. 

O.c. Solution 
per Min. 

Haines' 

Test 

Percent, by 
Polariscope 

Total 

Gm. 

0.85 

2.38 

32 

■ ■ - 

Trace 

0.23 

0.15 

0.0 

2.68 

30 

4* 

0.83 

1 1.12 

Subsequent loss 

a w 

Total clvcosurla 



— 









Tolerance lies very close to 0.85 gm. per kilogram per hour. 


Case 4. — J. V., a healthy man, aged 25, weight 75.45 kg., rested in bed on 
the day of the test. 


TABLE 4. — Glucose Solution, 19.75 Per Cent, by Polariscobe 


Rato of Injection 

Minutes of 

Urine Glucose 






Gm. per Kg. | 

C.e. Solution 

Injection 

Haines’ 

Per Cent, by 

Total 

per Hr. 

per Min. 


Test 

Polariscope 

Gm. 

0.8 

1 

5.1 

SO 

0 



0.9 

5.73 

30 

+ 

0.64 

1.66 

Subsequent loss. 1 


Total fflvensuria 1 

| 1.02 

2.68 





1 



Tolerance lies between 0.8 and 0.9 gm. per kilogram of body weight per hour. 


Case 5. — Diagnosis, chronic pancreatitis. J. W., aged 45, was admitted 
to the service of Dr. J. B. Herrick at the Presbyterian Hospital on Nov. 6, 
1915, with complaints of jaundice and intense itching. He gave a history 
of syphilis in 1888, for which he received treatment, herpes zoster in 1911, 
and in 1912 jaundice without pain, fever or chills, which lasted two weeks. 
In August, 1915, he again became jaundiced, this time with cold sweats, 
a chill and fever. There was no pain and the fever disappeared, but the 
jaundice continued. The patient lost in weight from 138 to 124 pounds. 

Examination disclosed an intense icterus. The gallbladder was bare y 
palpable, but not tender. The temperature was recorded as 100.6 on the clay 
of admission, but remained normal for the next two weeks. The urine s howe 
a large amount of bile, but no albumin or sugar. The stools were mus , 
clay colored, gave a strongly positive Weber test for blood, ; md containe 
in abundance and some starch. The stomach contents after Ewalds es 
fasts shbwed no blood and were of normal acidities. Duodena co > 
aspirated by means of an Einhorn tube, contained blood and ferments, 

no bile, . . 

A diagnosis of organic disease of the head of the pancreas was ma , 
was confirmed by operation on Dec. 6, 1915. The patient showed marKeo 
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THE EFFECT OF BANDAGING OF THE LEGS ON THE 
RATE OF BLOOD FLOW IN THE FEET * 

, G. N. STEWART, M.D. 

CLEVELAND 

It has been suggested by some observers of the condition known as 
“trench-foot,” which was so common among the soldiers in the 
trenches in Belgium and France, especially during the first winter of 
the war, that obstruction of the venous return by the puttees worn by 
the British troops was an important contributory factor. 

The observations which form the subject of this paper are con- 
cerned only with the effect of relatively short applications of the 
puttees. Having been made in a laboratory on a normal man, they do 
not reproduce what is probably an important condition for the devel- 
opment of trench-foot, if the pressure of the puttees has anything to 
do with thg^condition, namely, the swelling under an already tight, 
wet, and dirty bandage. So far as the technic of the observations is 
concerned, it would have been easy enough to study the circulatory 
changes at first hand on soldiers. Not having been able to do this 
(and of course in such matters the military authorities must be the 
final judges as to what military exigencies will allow), the writer is, 
for the present at least, obliged ,to content himself with publishing a 
few specimen results on a normal man, which he had hoped to com- 
pare with data obtained by clinical studies of the actual condition at 
different stages. Since, however, 'so far as I am aware, no investiga- 
tion of the influence of such bandages applied to the legs on the flow 
of blood in the feet has been published, and since such measurements 
have an- interest in other relations, the application of bandages to 
limbs being so common in surgery and in certain medical procedures, 
it seems worth while to record the result of this preliminary study. 

The observations were made on M. C., a healthy man, aged 26 
years, weight 165 pounds, height 5 feet, 10 inches. Numerous measure- 
ments of the blood flow in his hands and feet have been made in the 
past few years, so that the range of variation of the flow under the 

* Submitted for publication Aug. 9, 1916. 

*From the H. K. Cushing Laboratory of Experimental Medicine, Western 
Reserve University School of Medicine, Cleveland. 
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last three months has suffered from pains in the right thigh and a feelin» of 
weakness in the legs on ascending stairs. & 

Examination showed a well-nourished man of average height The teeth 
were badly discolored and decayed and. the Roentgen ray revealed a . chronic 
abscess at the root of one molar. The gums were retracted. A slight systolic 
murmur was audible at the apex. In all other respects the examination 
was negative. 


Urinalysis of twenty-four-hour specimens showed 1,500 to 1,800 c.c., with 
specific gravities of 1.010 and 1.013. No reduction of Haines’ solution was 
obtained and there was no evidence of diacetic acid or acetone. 

An intravenous d-glucose tolerance test was made on June 26 with results 
as shown in Table 7. The weight of the patient was 75.4 kg. 


TABLE 7. — Glucose Solution, 16.4 Per Cent, by Polariscope 


Bate o£ Injection 

Alinutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

C.c. Solution 
per Alin. 

Haines’ 

Test 

Per Cent, by i 
Polariscope 

Total 

Gm. 

0.3 

2.29 

SO 

0 



0.5 

3.06 

SO 

+ 

•0.5 

2.225 


The threshold of tolerance lies between 0.3 and 0.5 gm. per kilogram of 
body weight per hour. 


Case 8. — Diagnosis, hyperthyroidism. M. R., a girl, aged 19, complained on- 
admission of goiter, nervousness, dyspnea, palpitation, and edema of the feet. 
The trouble began as nervousness eighteen months ago. Six months later the 
thyroid enlarged and the eyes became prominent, and before admission the 
right lower jaw had often been swollen and painful. Menstruation had -been 
normal. 

On examination the patient presented a marked exophthalmos, a fairly 
large goiter of uniform, firm consistence over which a double murmur could 
be auscultated, a fine tremor of the tongue and fingers and a pulse ranging 
from T20 to 140. Adenoids and tonsils were hypertrophic. In the tonsils were ^ 
deep crypts which contained pus. There were several broken-down teeth at 
the roots of which abscesses were demonstrable. 

Blood counts revealed a moderate anemia and a mononucleosis of from 40 
to 46 per cent. Urinary examinations showed an albuminuria of less than 
0.1 per cent., a few casts, but no erythrocytes and no sugar. _ < 

An intravenous glucose tolerance test was made on this patient with, resu s 
as shown in Table 8. The weight of the patient was 70 kg. 


TABLE 8. — Glucose • Solution, 21.8 Per Cent, by Polariscope 


Rate of, Injection 

Alinutes of 
Injection 


Haines’ 
Test , 

Gm. per Kg. 
per Hr. 

O.c. Solution 
per Alin. 

0.6 

3.21 

69 

+ ’ 


Urine Glucose 


Per Cent, by 
Polariscope 


Total 

Gm. 


0.267 


1.92 


Subsequent loss. 
Total glycosuria 


2.12 

4.04 


The threshold of tolerance lies below 0.6 gm. per kilogram of body weight 


per hour. 
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the bandage can exert on the blood flow, but the warmth may also be 
important, in other experiments puttees were applied to both legs, but 
with different degrees of tightness. 

In this experiment the flow in the feet was less than in the others 
cited, possibly because the subject had been going about for some time 
with bare feet and legs, completing the preparations for the observa- 
tions ; probably also in part because the experiment was made several 
hours after a meal. The taking of food, since it increases metabolism, 
must also increase the heat loss, and therefore the vasodilatation of 
the skin. The initial vasoconstriction due to exposure of the feet 


TABLE 2 


Time 

Temperature of 
Calorimeters 

Room 

Tempera- 

ture 

Time 

Temperature of 1 

Oalorimeters 

Room 
Tempera- 
; ture 

[ 

Right 

Left 

Right 

Left 

| 

2:37 

30.S9 

30.95 


3:10 

32.95 

32.875 ! 


2:40 

30.99 

31.03 

24.0 

3:12 : 

33.01 

32.95 

24.0 

2:42 

31.20 

31.20 

24.1 

3:14 i 

33.09 

33.03 

24.1 

2:44 

31.40 

31.39 

24.2 

3:16 j 

33.18 

33.13 


2:4G 

31.57 

31.55 

24.3 

3:18 | 

33.26 

33.19 

24.1 

2:48 

31.73 

31.71 

24.3 

3:20 

33.36 

33.30 

t 


2:60 

31.89 

31.86 

i 

3:22 

33.45 

33.37 

24.1 

2:52 

32.02 

32.99 

1 ' 

3:24 

33.53 

33.46 


2:5G 

32.24 

32.18 

24.1 i 

3:26 i 

33.61 

33.55 

24.1 

2:5S 

32.33 

‘ 32.28 

24.1 j 

3:28 | 

33.70 

33.65 


3:00 

32.45 ' 

32.38 


3:30 

33.78 

33.72 

24.15 

3:02 

32.58 

32.61 

24.0 

3:32 

33.86 

33.785 


3:04 

32.72 

32.65 

t 

3:34 

33.81 

33.74 


3:06 

32.80 

32.74 

24.0 / 

3:46 

i 33.50 

33.43 

j 


3:0S 

32.83 

32.80 

24.0 


i 




tended to pass off as the experiment proceeded, the rate of flow 
increasing in the successive periods. But' there was no indication 
that the puttee on the right leg in any way interfered with the flow 
in the right foot. The ratio of the minute flow in the left foot to that 
in the right was almost precisely the same in the eighteen minutes 
before the application of the puttee as in the forty minutes during 
which it remained on. The data are displayed in succinct form in 
Table 5. 

In the experiment shown in Table 2 a puttee was applied firmly to 
the right leg. The degree of pressure of the puttee was about what 
the soldier commonly employs. On the left leg a similar puttee was 
applied quite loosely, so that the heat-conserving effect would be the 
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An alimentary test for tolerance, SO gm. of glucose, was made on Aug. 17 
1915, and 1.6 per cent, glycosuria obtained. Seventeen gm. of sugar were 
excreted and traces of sugar appeared in the urine for several days. 

On Aug. 24, 1915, the upper poles of the, thyroid were ligated. 

The intravenous tolerance test was made on Feb. 3, 1916, with results as 
shown in Table 10. The weight of the patient was 53.2 kg. 


TABLE 10. — Glucose Solution, 17.67 Per Cent, by Polariscope 


Rate of Injection 

! 

Minutes of j 
Injection 

Urine Glucose 

Gm. per K g. 
per Hr. 

O.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

Total 

Qm. 

0.5 

. | 

2.51 

31 

0 



0.6 

8.01 

S3 


0.48 

1.73 

Subseauent loss : 

13.39 






Total dvensuria 




15.12 





1 


Tolerance lies between 0.5 and 0.6 gm. per kilogram per hour. 


Case 11. — Diagnosis, hyperthyroidism, myositis. J. S., aged 52, was admitted 
to the Presbyterian Hospital on the service of Dr, Frank Billings with com- 
plaints of soreness and weakness of the muscles. The trouble started acutely 
in May, 1915, with a fever of 104, headache, great muscle soreness and severe 
weakness. He lost 50 pounds in weight. 

Examination revealed extensive muscular atrophies and contractures and 
tenderness of many tendons. There were no deformities of the joints. In , 
addition, the thyroid was moderately enlarged and there was a fine tremor of 
the hands and tongue. Ocular symptoms were absent. There was also a 
diffuse dilatation of the heart and a loud mitral systolic murmur could be 
heard at the apex. Both great toe nails were ingrown and infected, the tonsils 
appeared diseased and the teeth were in bad condition. Blood counts gave 
3,700,000 erythrocytes, 65 per cent, hemoglobin and 6,300 leukocytes, of which 
42 per cent, were mononuclears. Uranalyses were normal. The pulse was fast, 
ranging from 90 to 120. The temperature proved irregular, occasionally mount- 
ing to 101 or 102 F. 


TABLE 11.— Glucose Solution, 22.36 Per Cent, by Polariscope 


Rate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. ! 

O.c. Solution 
per Min. 

Haines’ 

Test 

i 

Per Cent, by 
Polariscope 

Total 

Gm. 

0.5 

1.75 

44 

0 


r 

0.0 

2.1 

41 

0 



0.7 

i 

2.45 

46 

+ 

0.21 

1 

0.34 






1.94 

ouustinueui* 

. Total glycosuria 




1.97 


The threshold of tolerance lies below 0.7 gm. per kilogram of body weight 


per hour. 
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respectively; and for the second half 6.13 gm. and 6.3 gm. The 
diminution in the right foot is not due to pressure of the bandage, 
since it is the same as the diminution in the left. Removal of the 
puttees was followed by some increase in flow in both feet, but without 
disturbance of the relation of equality in the two feet present from 
the beginning of the experiment. The increased flow cannot be inter- 
preted as due to the vasomotor paralysis following the removal of a 
tight bandage described by Bier. For the puttee on the right leg was 
not so tight as to occasion the slightest discomfort, and the increased 
flow was present in the left foot as well as in the right. 


TABLE 4 
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The temperature was normal. The blood count gave 3,780,000 red cells 
8,100 white and a hemoglobin percentage of 75. The urine was normal in 
amount and free from albumin or sugar. 

The intravenous tolerance test gave results as shown in Table 12. The 
weight of the patient was 70 kg. 


TABLE 13. — Glucose Solution, 18.21 Per Cent, by Polariscope 


Bats of Injection i 

* i 

Minutes o£ 
Injection 

. 

i 

j Urine Glucose 

Gm. per Kg. | 
per Hr. ! 

; 

C.c. Solution 
per Min. 

Haines’ ! 
Test | 

Per Cent, by 
Polariscope 

Total 

Gm. 

0.8 

6.13. 

IS 

0 

( 


1 

6.11 

25 

++ 

0.97 

2.14 


Subsequent loss not determined. 


The second injection rate is well above the patient’s tolerance, which 
undoubtedly lies between 0.8 and 0.9, the normal limits. 


' Case 14. — Diagnosis, acromegaly. W. F., aged 40, was admitted to the ser- 
vice of Dr. Dean Lewis of the Presbyterian Hospital in 1913, with complaints 
of blindness and an increase in the growth of the hands, feet and head. His 
attention was first attracted to his condition in 1905, when he found that his 
hats were small. A year later his feet outgrew his shoes. In 1907 he was 
troubled with blurred vision and photophobia. His color , sense was lost and 
finally in 1909 he became totally blind. His weight remained nearly stationary, 
about 225 pounds, during the entire course of the disease. 

Examination revealed conditions typical of acromegaly, hypertrophied bones 
of the calvarium and jaw, huge hands and enormous feet. The skin was 
thick and the hair course and dry. An examination of the eyes revealed a 
complete amblyopia, due to a bilateral optic atrophy. There was also a 
marked horizontal nystagmus to the left. A Roentgen-ray plate of the skull 
showed an enormous sella. 

The patient remained in the hospital until May, 1915. During this interval 
the temperature was practically normal and the pulse varied between 80 
and 100. Twenty-four-hour urinary volumes were rather high, at times over 
3,000 c.c. The urine often contained small amounts of albumin and a few casts, 
but never any sugar. 


TABLE 14.— Glucose Solution, 19.43 Per Cent, by Polariscope • 


Rate ot Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 1 
per Hr. 

O.c. Solution | 
per. Min. 1 

Haines’ 

Test 

Per Cent, by 
Polariscopo 

Total 

Gm. 

0.8 

6.91 

' 

35 

Trace j 

0.16 | 

0.03 

1 j 

8.01 

SO 

+4* J 

0.8 

0.29 


2.01 


2.33 


The threshold of tolerance lies very close to 0.8 gm. per kilogram of body 


weight per hour. 
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Indeed, with both puttees on, the flow was slightly and equally 
increased in both feet, probably on account of the heating effect. 

In the next experiment to be quoted (Table 4) the puttee was 
purposely put on the left leg so tightly as to produce a certain amount 
of discomfort, while it was applied to the right leg with the ordinary, 
comfortable degree of pressure. The subject was hungry (four and 


TABLE 5 — (Continued) 


Blood Plow 
in Gm. 
per Min. 

Plow per 100 O.c. 
of Poot 
per Min. 

Eatio of 
Plow 
in 2 Peet 

Remarks 

Eight 

Left 

Eight 

Left 

28.63 

22.39 

2.26 

1.98 

1:1.14 

Before puttee was put on 

32.20 

27.37 

2.75 

2.42 

1:1.14 

Puttee on right leg 

39.88 

35.23 

3.40 

3.12 

1:1.09 I 

Puttee off 

84.82 

81.31 

7.18 

7.20 

1:1.00 

Before puttees put on; after eating 

80.72 

78.67 

6.84 

6.97 

1:1.02 

Put. E. firm, R. slack (first 10 minutes) 

72.35 

71.16 

0.13 

6.30 

1:1.03 

Put. E. firm, L. slack (next 10 minutes) 

95.51 

91.78 

8.09 

8.13 

1:1.00 

Puttees oil 

79.03 

71.92 

0.64 

6.34 

1:1.05 

Before puttees put on; after eating 

88.39 

82.52 

7.42 

7.28 

1:1.02 

Put. E. firm, L. slack 

81.39 

76.87 

6.83 

6.78 

l:i.oi 

i 

Puttee off L. leg 

94.64 

S3 .94 

7.95 

7.85 

1:1.01 

Puttees off both legs 

59.73 

51.08 

5.10 

4.47 

1:1.14 

Before puttees; after eating 

60.00 

37.03 

4.27 

3.24 

1:1.31 

Put. E. firm, L. too tight (first 10 minutes) 

65.31 

51.09 

5.57 

. 4.52 

1:1.23 

Put. E. firm, L. too tight (next 16 minutes) 

69.60 

53.S2 

6.94 

4.71 

1:1.26 

Pirst 10 minutes after puttees removed 

46.58 

42.70 

3.97 

3.73 

1:106 

Next 12 minutes after puttees removed 

65.80 

47.69 

5.62 

4.17 

1:1.34 

Before puttees put on 

69.39 

51.35 

5.92 

4.49 

1:1.31 

last 10 minutes before puttees 

72.64 

58.51 

6.20 

5.12 

1:1.21 

Pirst 10 minutes with puttees 

87.34 

71.97 

7.46 

6.30 

1:1.18 

Next 6 minutes with puttees 

74.37 

59.52 

6.35 

5.21 

1:1.21 

After tightening tapes on E. leg 

54.06 

42.34 

4.61 

3.70 

1:1.24 

After puttees off 


one-half hours after breakfast) and the flow in the feet was less than 
in the experiments shown in Tables 2 and 3. The flow in the two 
feet was 5.10 gm. and 4.47 gm., respectively, per 100 c.c. per minute 
for an eight minute period before the application of the bandages 
(ratio of left to right 1 to 1.14). For a period of twenty-six minutes 
with the puttees on the flow was 5.13 gm. and 4.04 gm., respectively 
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An intravenous glucose tolerance test 
decompression operation was performed 
The weight of the patient was 47 kg. 


was made on this patient before the 
and resulted as shown in Table 16. 


TABLE 16.— Glucose Solution, 19.43 Per Cent, by Polariscope 


Bate of Injection - 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

O.c. Solution 
per Min. 

Haines’ 

Test 

1 

Per Cent, by 
Polariscope 

Total 

Gm. 

0.8 ( 

3.23 

42 

+ 

0.31 

0.372 

0.405 ' 

0.777 

Subsequi 

Total gl 

int loss 

ycosurla 



The threshold of tolerance lies a little below 0.8 gm. per kilogram of 
body weight per hour. There is certainly no increase over normal. 


Case 17. — Diagnosis, hypophysial disease (gigantism?). T. W., a man, 
aged 26, was admitted to the service of Dr. D. P. Abbott at the Presbyterian 
Hospital on Jan. 10, 1916, with complaints of temporal headaches, weakness and 
nervousness. The headaches were of only a few days’ duration. The weakness 
was not great. The nervousness had been present since childhood. The patient 
had no severe illnesses other than a chronic infection of the right ear which 
began early in childhood and only healed in 1912. He was, however, slow in 
learning to walk (2 years), was always big for his age and had always been 
backward in school. His family history was negative and venereal infection 
was denied. 

Examination revealed a man 6 feet 1 inch tall, and big in proportion. 
The sexual development, pubic hair, etc., appeared normal. There was an old 
perforation in the right ear 'drum. A roentgenogram of the hypophysial region 
showed an unusually small sella and it was thought probable that a corre- 
lation- existed between this and the rather peculiar development. 

An intravenous glucose tolerance test resulted as shown in Table 17. The 
weight of the patient was 80.7 kg. 


TABLE 17. — Glucose Solution, 19.2 Per Cent, by Polariscope 


Kate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

O.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

Total 

Gm. 

0.2 

1.4 

30 

0 



0.7 

4.0 

30 

0 



0.8 

5.6, 

30 

++ 


Not determined 


• Tolerance lies between 0.7 and 0.8 gm. per kilogram per hour. It may be 

subnormal, but is certainly not increased. . - . « 

Blood sugar determinations were made before and after the injections vy 
Dr. G. Pearce and showed a percentage of 0.115 and 0.212, respectively. 


Case 18 .— Diagnosis, hypophysial disease, diabetes insipidus. M.U > 

aged 40, was admitted on the service of Dr. Joseph Miller at the Cook County 
Hospital in August, 1915. His complaints were polyuria and sexual imp 
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cooling of the limbs after removal of the bandages. However, a ter- 
minal vasoconstriction due to the exposure is not uncommonly seen 
in long experiments on the foot flow when no bandages have been 
applied. 

' SUMMARY 

It is shown that a puttee applied with the usual degree of pressure 
on the leg causes no diminution in the blood flow through the foot. 
When it is put on so tight that some discomfort is produced the flow 
in the foot is at first reduced. 



/ 
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The upper border .of the. liver was found at the fourth rib; the lower border 
extended 6 cm. below the costal arch in the mammary line. The edge was 
firm and regular and the surface was smooth 

The blood pressure, systolic, was 140, diastolic 70. Wassermann tests were 
negative. A blood count gave 3,500,000 erythrocytes, 4,000 leukocytes and 70 
per cent, hemoglobin. 

The urine was examined repeatedly without finding sugar or bile pigments. 
The stools contained bile in normal amount. 

On July 2, 50 gm. of glucose were given on the empty stomach without 
leading to mdituria. Levulose and galactose tolerance tests were omitted, 
owing to the impossibility of obtaining these sugars. 

An intravenous d-glucose tolerance estimation, made on July 5, 1916, resulted 
as shown in Table 19. The weight of the patient was 74 kg. 


TABLE 19.— Glucose Solution, 17.48 Per Cent, by Polariscope 


Bate of Injection 

Minutes of 
Injection 

Urine Glucose 

Gm. per Kg. 
per Hr. 

O.c. Solution 
per Min. 

Haines’ 

Test 

Per Cent, by 
Polariscope 

0.4 

2.82 

40 

0 


0.6 

4.23 

20 

0 


0.8 

6.64 

15 

0 

0 


Tolerance is above 0.8 gm. per kilogram of body weight per hour and is 
apparently normal. 


i 
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plasma by Gilbert, 0 , who arrived at conclusions as to the normal bili- 
rubin content of the human plasma. Gmelin’s test on the plasma is 
made by putting nitric acid under the plasma in a test tube, with a 
small pipet. A white coagulum is formed at once at the junction, 
which soon develops into a white layer of a certain thickness, and 
remains fairly constant as the acid dissolves the coagulum at the lower 
border and forms it at the upper, thus ascending through the plasma. 
The blue-green color develops in a line at the midst of the white zone 
and remains in the same relative position as long as there is any 
white zone. When bilirubin is present in small amounts, the blue color 
may be as long as a half hour in appearing. Since the white coagulum 
forms a good background on which to see the blue line, the tests are 
very satisfactory and give unequivocal results. 

In a later series of observations, part of which is included in this 
report, a few specimens were examined for bilirubin by the Huppert- 
Cole method and out of twenty giving a positive Gmelin test all 
save one gave a positive Huppert-Cole in addition. The exceptional 
case, however, gave but a very faint Gmelin test. Included in this 
series of twenty are eight cases of pernicious anemia, six of which gave 
a positive Huppert-Cole test as well as a positive Gmelin, the remain- 
ing two being negative by both methods. It is the impression of the 
writer that the Huppert-Cole test is not so delicate as Gmelin’s test. 

Just what minimum amount of bilirubin gives Gmelin’s test is not 
definitely known, but ordinary gallbladder bile can be diluted 600 times 
in colorless plasma and still give this test. Gallbladder bile contains 
about 2 per cent, pigment, chiefly bilirubin, so approximately the test 
will show one part in 30,000. But it is quite certain that a plasma 
may be visibly bile stained and still not give Gmelin’s test, for ordinary 
gallbladder bile can be diluted 5,000 times and a yellow color be just 
perceptible in a column 1 cm. deep, and since only 2 per cent, of bile 
is bilirubin, we conclude that bilirubin can be diluted 250,000 times 
and still be just visible, making inspection of the plasma a test much 
more sensitive than Gmelin’s. 

There is no way of .concentrating small amounts of pigment, nor is 
there any very satisfactory quantitative method for measuring bili- 
rubin. The writer has accepted the staining of the plasma as a measure 
of bilirubin content, for no other yellow substance was found in any 
plasmas, and the intensity of Gmelin’s test is proportional to the 
degree of yellow staining. 

Lutein is said to stain the plasma yellow, as well as to give a blue- 
sreen color with nitric acid. Luetin can be differentiated from bili- 
rubin in that it is not separated from its solution in chloroform by 


6. Gilbert: Compt. rend. Soc. de Biol., 1905, 1906. 
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conditions of the observations is well known. 1 In all the experiments 
the amount of water in the calorimeters was 2,550 c.c. The puttees 
were always applied over the trousers, which were tucked in in the 
usual way. 


October 22. M C., four hours after breakfast, put his feet in the bath 
at 11.02 and in calorimeters at 11:18 a. m. The pulse was 90. At 1 1 *40 
a puttee was put on the right leg with the ordinary degree of firmness. At 


TABLE 1 


Time 

Temperature of 
Calorimeters 


■ 

Temperature of 
Oalorimeters 

Eoom 

Tempera- 

ture 

Eight 

left 

Eight 

Left 

11:17 

31.03 

31.22 


12:05 

31.795 

31.59 

24.1 

11:20 

31.10 

31.24 

24.3 

12:07 

31.82 

31.63 


11:22 

31.24 

31.27 

24.3 

12:09 

31.85 

31.65 

24.1 

11:24 

31.28 

31.29 

24.3 

12:11 

31.83 

31.675 


11:26 

31.32 

31.30 


12:13 

31.91 

31.69 

24.1 

11:28 

31.36 

31.34 

24.4 

12:15 

31.96 

31.74 


11:30 

31.395 

31.36 


12:17 

32.00 

31.775 

24.1 

11:32 

31.41 

31.37 

24.2 ; 

12:19 

32.06 

31.83 


11:30 

31.44 

31.39 

24.2 1 

12:21 

32.10 

31.86 

24.0 

11:38 

31.47 

31.40 

24.3 

12:23 

32.14 

31.90 


11:40 

31.495 

31.43 

! 

12:25 

32.19 

31.94 

24.1 

11:43 

31.52 

31.41 

24.2 

12:27 

32.23 

31.97’ 


11:45 

31.63 

31.45 

I 

12:29 

32.295 

32.04 

24.1 

11:47 

31.55 

31.455 

24.2 

12:31 

32.34 

32.08 


11:40 

31.58 

31.46 

24.2 j 

12:33 

32.39 

82.125 

24.1 

11:51 

31.60 

31.465 

1 

12:36 

32.43 

32.16 


11:53 

31.62 

31.47 

24.2 I 

12:38 

32.47 

32.18 

24.1 

11:55 

31.63 

31.475 

I 

l 

12:40 

32.49 

32.195 


11:57 

31.66 ' 

31.485 

24.2 j 

12:42 

32.50 

32.22 

24.1 

11:59 

31.68 

31.50 

i 

12:44 

32.52 

32.24 


12:01 

31.72 

31,54 

24.2 

12:46 

32.44 

32.19 

i 

12:03* 

31.76 

31.57 


1:01 

32.12 

31.87 



* Eight loot feels more comfortable than left, and a little warmer. 


12:23 the puttee was rapidly taken off. At 12:44 the feet were removed/ from 
the cslorinictcrs 

The cooling of the calorimeters in fifteen minutes was 0.32 C. The volume 
of the right foot was 1,171 c.c., of the left 1,128 c.c. Th e water eqmv 
of the calorimeters with their contents was, right 3,616 c.c., left o, 
rectal temperature was 36.89 C. 

In Table 1. is given an experiment in which a puttee was applied 
only to the right leg. Since the pressure is not the only effect w 


1. Stewart, G. N.: Jour. Exper. Med., 18, 354, 372. 
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also many alcohols, fatty acids and aromatic substances. The absorp- 
tion spectrum of the Pettenkofer test is said to be more nearly specific 
than the color test alone, so we have controlled all our color tests by 
the spectroscopic examination in addition. 

The Pettenkofer test cannot be applied directly to the blood or 
blood plasma, but the bile salts must be separated from the blood pro- 
teins and be relatively free from lecithin and cholesterin. This has 
been done by precipitating the salts with basic lead acetate and ammo- 
nium, after the proteins have been removed with large amounts of 
alcohol — the Hoppe-Seyler method — a process which is long and 
tedious, requiring much time and many manipulations. But it was 
found that the bile salts can be obtained relatively free by dialyzing 
the plasma through collodion sacs into water or water and alcohol. 

This method has been employed in all cases. Five c.c. of plasma 
are dialyzed into from 5 to IS c.c. of water or equal parts water and 
alcohol, and two or three such dialyzers are allowed to stand over 
night. The collected dialysate is then concentrated and the Pettenkofer 
test applied, and the spectroscopic examination made, if any color 
develops. For the test 2 c.c. of concentrated dialysate is placed in a 
small flask with 2 or 3 drops of a 1 to 1,000 aqueous solution of fur- 
furol, and 2 c.c. of concentrated sulphuric acid is added drop by drop 
from a pipet ; but the contents of the flask are kept at 60 C. by immers- 
ing the flask in a bath at 60 C. and keeping the mixture agitated. 
When the acid is added too rapidly a dark, reddish-brown color some- 
times appears from the charring action of the acid on the small amounts 
of protein or sugar that dialyze. If the temperature remains much 
below 60 C., the color fails to develop or appears very faint. 

The writer is aware that by the above method the differentiation 
between bile salts and cholesterin is the most uncertain point of the 
process, since it depends on the difference in diffusibility of the two 
substances through collodion sacs. It is quite certain that bile salts 
dialyze very rapidly from specimens of bile obtained at operation, or 
from fistulae after operation; but cholesterin has not been found 
to dialyze. 

Furthermore, when a dialysate from a plasma is evaporated to 
dryness and extracted with ether or chloroform, the substance in this 
case which gives the positive Pettenkofer is left behind. Also, bile 
salts have been recovered from several plasmas by the Hoppe-Seyler 
method, and by dialysis as well, where cholesterin, as estimated by the 
method of Weston and Kent, was not increased. But the writer has 
not acquired proficiency in this cholesterin method, and draws no 
definite conclusions as yet on this particular point. 


8. Weston and Kent: Jour. Med. Research, 1912, 26, 531. 
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same as on the right leg, while the pressure was negligible. For the 
ten minutes before the application of the puttees the flow per- minute 
per 100 c.c. of part was 7.18 gm. for the right and 7.2 gm. for the 
left foot, practical equality. For twenty minutes with the puttees 
on, the flow was 6.43 gm. and 6.58 gm. per minute per 100 c.c. For 
fourteen minutes after removal of the puttees the flow was 8.09 gm. 
and 8.13 gm. per 100 c.c. per minute for the right and left foot 
respectively. 


TABLE 3 


Time 

Temperature of 
Calorimeters 

Hoorn 

Tempera- 

ture 

Time 

j Temperature of 

Calorimeters 

Eoom 

Tempera- 

ture 

Eight 

Left 

Eight 

Left 

2:36 

30.S7 

30.SS 


3:17 

33.33 

33.22 

24.2 

2:3S 

30.93 

30.97 

24.1 

3:19 

33.40 

33.27 


2:10 

31.09 

31.09 

- 24.1 

3:21 

33.47 

33.34 

24.2 

2:42 

31.23 

31.27 

1 

3:23 

33.52 

33.42 


2:44 

31.42 

31.43 

24.1 

3:25 

33.595 

33.47 

24.2* 

2:40 

31.5S 

31.65 

| 

3:27 

33.65 

33.54 

24.25 

2:43 

31.70 

31.08 

24.0 i 

1 

3:29 

33.72 

33.59 


2:50 

31.85 

31.82 

1 

3:31 

33.78 

33.66 

24.2 

2:52 

31.99 

31.92 

24.1 

3:33 

33.83 

33.72 


2:54 

32.12 

32.055 

i 

3:35 

33.90 

33.79 

24.2 

2:50 

32 2a 

32.10 

24.1 

3:37 

33.97 

33.S6 


3:00 

32.41 

32.34 

24.3 | 

3:39 

34.02 

33.915 

24.2 

3:02 

32.53 

32.45 

24.25 ! 

j 

3:41 

34.07 

33.06 


3:05 

32.70 

32.60 

24.3 j 

3:43 

34.13 

34.02 

24.2 

3:07 

32.805 

32.69 

j 

3:45 ; 

34.19 

34.07 


3:09 

32.90 

32.80 

24.25 j 

3:47 j 

34.20 

34.14 

24.2 

3:11 

,33.00 

32.91 . 

1 

| 

3:49 

34.30 

34.18 


3:13 

33.11 

33.03 

24.2 | 

3:51 

34.26 

34.12 


3:15 

33.22 

33.13 

1 

4:05 

33.90 

33.76 



# left leg felt cool after the puttee was taken off it; the right leg felt wane. 


October 26. M. C., had lunch one hour before', and had walked outside for 
some time. The pulse was 94. The feet were put in the bath at 2:22, an 
in calorimeters at 2: 39 p. m. At 2: 52 a puttee was put firmly on the right leg 
and one slackly on the left leg. At 3 : 16 the puttees were taken off quickly. 

3 :32 the feet were taken out of the calorimeters. 

The cooling of the calorimeters in twelve minutes was 0.31 C. The volun 
of the right foot was 1,180 c.c., of the left 1,128 c.c. The water equivalent of t he 
calorimeters with their contents was, right 3,623 c.c., left 3,385 c.c. 1 e 
temperature was 37,05 C. 

If the twenty minute period is analyzed, it is seen that for the first 
half of it the flow was 6.84 gm. and 6.97 gm. for the two fee , 
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is made by the plan demonstrated by Hoover 9 in 1914; acro-ataxia 
being an ataxia of the fingers and toes; proximo-ataxia, an ataxia of 
the iliofemoral or of the thoracicohumeral group of muscles. 

RESULTS 

Bilirubin : In brief, the table shows that out of the twenty cases, in 
sixteen there was found bilirubin in amounts sufficient to give a posi- 
tive Gmelin test. In two of the remaining four the plasma was visibly 
jaundiced, but not deeply enough to give a test. The bilirubin showed 
a great variability, the figures ranging from 10 to 150. Of these, five 
specimens may be considered as containing bile above the threshold 
of the kidney, the threshold being established as 60 by similar observa- 
tions on a group of cases of obstructive jaundice. However, bilirubin 
was found in the urine of none, regardless of the amount in the blood. 
Of the eighteen cases showing staining of the plasma, nine were visibly 
jaundiced in the sclerae; of the remaining nine, only one gave a history 
of ever being yellow. 

Pigment dialyzed through the collodion sacs in but three cases. In 
these it was noticed on concentrating the dialysates that an unusually 
large amount of protein had dialyzed. In only one instance did suffi- 
cient pigment dialyze to allow its identification as bilirubin. 

The cases showing the highest concentration of bilirubin showed 
the most marked evidence of rapid blood destruction, namely, increased 
output -of urobilin in stool and urine, loss of strength from anemia, 
also the highest color index. 

Urobilin : This was not found in the plasma 1 of any, although it 
occurred in the urine of all save one, this one being a case which 
showed absolutely no staining of the plasma. 

Salts: A positive Pettenkofer test was found in sixteen out of 
twenty plasmas. Of the four which did not give a positive Pettenkofer 
test, there were two plasmas which contained a large amount of bili- 
rubin and two which contained none at all. There was no direct cor- 
respondence between the presence of salts or the amount of salts and 
the amount of bilirubin in the plasma. _ One plasma, with a jaundice 
of 75, gave a doubtful Pettenkofer, while two others with absolutely 
no staining of the plasma gave a strong Pettenkofer, and bile salts 
were found in the urine of none of the cases. There was no relation 
between the amount of bile salts and the blood destruction or the 
color index. 

It was observed, however, that the cases giving the strongest Petten- 
kofer, hence highest concentration of salts, showed the most marked 
nerve lesions; in fact in three such cases the nerve lesions caused all 
the symptoms of the disease. 


9. Hoover: Am. Jour. Med. Sc., 1915, 150, 651. 
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the action extended reflexly to the right limb, the puttee on which had 
not been disturbed, as the ratio of the flows in the two feet remained 
unchanged. There was no indication that the pressure of the puttee 
on the right leg diminished the flow in' the right foot. 

October 29. M. C., one hour after lunch, put his feet in the bath at 2:20, 
in the calorimeters at 2:37 p. m. The pulse was 88. At 2:56 a puttee was 


TABLE 5 


Pulse 

Rate 

Temperature (C.) of 

Volume of 

Root 
la O.c. 

Room 

1 Arterial 
Blood 

Calorimeters 

Right 

Reft 

Right 

Left 

90 

24.3 

3G.29 

31.37 

31.35 

1,171 

1,128 


24.1 


31.83 

31.67 




24.1 


32.36 

32.09 




94 

24.2 

36.45 

31.61 

31.60 

1,180 

1,128 


24.05 


32.52 

32.46 





24.05 


32.99 

32.94 




24.1 


33.56 

33.49 



83 

24.1 

36.30 

31.92 

31.86 

1,190 

1,133 


24.25 


32.87 

32.78 




24.2 

* 

33.56 

33.43 





24.2 


34.04 

33.92 




SO 

24.8 

36.34 

31.33 

31.16 

1,171 

1,142 


24.3 


31.S3 

31.54 




24.1 


32.36 

31.92 




24.2 



32.90 

32.37 




i 24.1 



- 33.14 

32.60 




20.5 

36.41 

31.19 

31.05 

1,171 

1,142 


20.6 


31.49 

31.23 




20.9 


32.19 

31.74 




21.1 


32.60 

'32,10 




21.2 



33.13 

32.57 




21.0 


33.53 

32.92 




Date 


10/22 


720 


DO 


I 2 


130 


Heat Given Off 
in Gm.— 
Calories 


Right left I No. Min, 


2,115 

5,170 

2,680 

3,695 

2,855 

2,253 

3,478 

3,153 

4,720 

2,031 

3,557 

2,133 

2,007 

3,743 

2,155 

1,610 

6,183 

3,073 

2,759 

1,797 

3,952 

1,121 


1,792 

4,551 

2,530' 

3,549 

2,825 

2,248 

3,423 

2,913 
_ 4,520 
2,027 
3,516 

1,905 
1.600 


18 

40 

19 

10 
10 
10 - 
14 

10 

17 

10 

13 
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In a group of about forty cases, selected on account of liver disease, 
principally alcoholic and infectious cirrhosis, disease of the bile ducts, 
general infections with jaundice, and jaundice after transfusion, bile, 
pigment and bile salts were found in the plasma in varying amounts, 
and in varying relations to each other and to choluria. The interpre- 


— in- Pernicious Anemias 
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tation of the blood jaundice in the various conditions affords interest- 
ing speculation, but much remains to be done before any conclusions 
are justified. A few main points are clear, namely, that jaundice of 
the sclera or skin is of course always associated with jaundice of the 
plasma, but the converse is not true. We have frequently been sur- 
prised by obtaining a distinctly jaundiced plasma from a patient who 
had no suggestion of jaundice of the skin. Also, the presence of bile 
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(ratio 1 to 1.27). The cutting down of the flow by the improperly 
applied puttee on the left leg is evident, although the bandage was 
not put on so tight as to cause an extreme degree of discomfort. 

November 2. M. C, four hours after breakfast, put his feet in the bath at 
11:07, m the calorimeters at 11:27:30 a. m. At 11:41 putees were put firmly 
op both legs, but the left was much tighter and less comfortable than the 
right. At 12.11 the puttees were rapidly taken off. The feet were taken out 
of the calorimeters at 12:35. 

The cooling of the calorimeters in twelve minutes was, right 0.31 C., left 
0.30S C. The volume of the right foot was 1,171 c.c., of the left 1,142 c.c. 
The water equivalent of the calorimeters with their contents was, right 3*616 c.c., 
left 3,595 c.c. The pulse was 80. Rectal temperature was 36.96 C. 

If the period is analyzed, the deficit in the left foot is seen to be 
greatest in the first ten minutes (flow in right foot 4.27 gm. per 100 
c.c. per minute, in left 3.24 gm., giving a ratio of 1 to 1.31). The 
flow in the right foot is also diminished somewhat. In the remaining 
sixteen minutes of the period of application of the puttees the flow 
increases in both feet, but relatively more in the left, as the venous 
pressure rises and forces the block (5.57 gm. for right and 4.52 gm. 
for left foot, ratio 1 to 1.23). Even with the tight bandage on the 
left leg, the initial flow in the left foot is soon reestablished. This, 
however, is in a healthy man, whose cutaneous flow is uniformly good. 
It seems clear enough that in men who habitually suffer from cold 
feet, and whose foot flow is therefore normally small, the injudicious 
application of a puttee might easily cause a harmful reduction in the 
flow which would render the foot more readily susceptible to the 
effects of cold and wet, of slight injuries and of the passive con- 
gestion associated with standing for long periods in one position. On 
the other hand, so far as can be judged from experiments of such 
relatively short duration, a properly adjusted puttee not only causes, 
under normal conditions, no permanent diminution in the foot flow, 
but may even somewhat increase the flow, probably largely because of 
its heat conserving property. 

In another experiment (that of November 30) different methods 
of fastening the puttees were investigated. That on the right leg was 
tied by tapes an inch wide, that on the left leg was fastened smoothly 
by a safety pin. The tapes caused a somewhat tighter feeling, accord- 
ing to the subject, than the pin, but both legs felt comfortable. After 
the first sixteen minutes the tapes were made considerably tighter on 
the right leg, but not uncomfortably so. As will be seen in Table 5, the 
tightening of the tape's did not produce any diminution in the flow m 
the right foot as compared with that in the left, although the flow in 
both was now diminishing, and diminished still more after remova o 
the puttees. This last decrease in the flow, seen also in the experinien 
of November 2, may be due to a vasoconstriction associated wit. 
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are inclined to accept such a finding as direct evidence of pernicious 
anemia in those cases in which anemia is a minor feature, and neuro- 
logical signs and symptoms are the main features of the disease. 

In the diagnosis of pernicious anemia we have relied principally 
on finding a marked anemia with a high color index associated in early 
cases, with parasthesias of the extremities, and other evidence of 
degeneration of peripheral nerves, and with degeneration of the pos- 
terior columns of the spinal cord in more advanced cases. In explana- 
tion of so large a series of pernicious anemia patients in twelve months 
in a clinic, such as is maintained at Lakeside Hospital, we can explain 
that some of them came by selection from a large private consulting 
practice. 

As a method of prognosis, the measure of the jaundice of the 
plasma may be of considerable help, for it was found in three cases 


— and Urine in Secondary Anemias 


Jaundice 

History of 
Jaundice 

Blood 

Dialysis 

Urine 

Jaundice 
of Plasma 

Gmelin’s 

Test 

Urobilin 

Bile 

Pigment 

Bile 

Salts 

Bile 

Pigment 

Bile 

Salts 

Urobilin 

+ 


0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


0 


0 

0 

4* 

15 

0 

0 

0 


0 

0 

0 

4* 

+ 

10 

+ 

0 

0 


0 

0 

+ 

0 

0 

0 

0 

0 

0 


0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

' 15 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


that were observed, after a few months’ interval, that the jaundice 
had diminished with the general improvement. 

It is also seen that the patients kept on the ward and treated show 
a decrease in blood jaundice as they get relief from symptoms, the 
decrease usually being proportional to the increase in red cells. 

SUMMARY 

Bile pigment is frequently found in the blood in pernicious anemia, 
and is the cause of the jaundice. The bile pigment is in some way 
fixed to the plasma and therefore does not appear in the urine. The 
presence of bile pigment in the blood is not always betrayed by 
jaundice. Bile salts are frequently found in the blood, alone or asso- 
ciated with bile pigment. The jaundice in pernicious anemia is hepatic 
in origin. 




















the bile content of the blood in PER- 
NICIOUS ANEMIA * 


M. A. BLANKENHORN, M.D. 

CLEVELAND 

The lemon yellow color of the skin in pernicious anemia has always 
been closely associated with the idea of jaundice and is often referred 
to as an icteroid hue. But the almost invariable absence of bile from 
the urine has stood in the way of our calling pernicious anemia patients 
definitely jaundiced. The frequent appearance of urobilin in the urine 
has suggested an explanation for the color of the skin, and we fre- 
quently see the term “urobilin icterus” in this connection. 

Hemolysis, which is the most definite pathologic entity of pernicious 
anemia, is also fundamentally associated with the symptom jaundice 
and we are therefore enticed by the term “hemolytic jaundice” in per- 
nicious anemia. 

Just what relation exists between the appearance of bile pigments 
in the blood and the yellow pigmentation of the skin in pernicious 
anemia has been the object of this investigation. ^ 

The presence of bile in the blood in any condition, physiologic or 
pathologic, has not been extensively investigated, and satisfactory 
methods have not been available. Rather extensive chemical studies 
of the blood in pernicious anemia have been made, especially by Erben , 1 
Rumpf 2 and von Jakchs , 3 but these and others make no mention 
of biliary elements save that the amounts of eholesterin and lecithin 
are diminished; a finding that is common to many chronic diseases, 
especially those in which starvation is a factor. Sylaba 4 found ^bili- 
rubin in the blood in eight cases of pernicious anemia. Wilbur and 
Addis , 5 in their observations on urobilin in the plasma, did not find 
that substance present in pernicious anemia. 

methods ' 

Oxalated plasma was used in every case. Gmelin’s test for bili- 
.rubin was used in testing for bile pigment, which gives the well-known 
blue-green color with nitric acid. This method was applied to the 

* Submitted for publication Aug. 11, 1916. 

* From the Medical Clinic of Lakeside Hospital. 

1. Er.ben: Ztschr. f. klin. Med., 1900, 40 , 266. 

2. Rumpf: Berl. klin. Wclmschr., 1901, 38, 477. 

3. Von Jakchs: Klinische Pathologie des Blutes, Jena, 1896, p. 31 . 

4. Sylaba: Abst. in Folia Hematol., 1904, 1 , 283, S89. 

5. Wilbur and Addis: The Archives Int. Med., 1914, 13, 235. 
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Bernard and Vaucher 0 agreed, while Reiss, 6 7 in a recent article, dis- 
agreed. We, on our part, have not found as low total proteins in 
cardiac edema as in nephritic edema. Brandenstein 8 9 and Georgopulos, 0 
pupils of Strauss, continued the study of serums of edematous patients, 
showing, among other things, normal values in compensated cardiac 
disease and in chronic nephritis. Reiss also found little variation from 
normal in total proteins in chronic nephritis. He obtained marked 
dilution of blood serum in acute nephritis associated with edema and 
showed that this dilution occurred before and lasted after the sub- 
cutaneous edema was visible. The effect of salt on body weight and 
serum concentration was studied. Chiray 10 also studied by the use 
of the refractometer the serum dilution which occurs in cardiac and 
nephritic cases. 

In grouping the cases of nephritis in the accompanying tables, the 
effect of edema and of uremia has been shown. No characteristic 
values for serum proteins which might aid in the clinical diagnosis 
of the type of kidney lesion were found. 

Two cases of acute nephritis were included in Table 4 of a pre- 
vious article. 2 In Case 5 of this table circumscribed edema was pres- 
ent, but not enough general edema to depress the total proteins below 
normal. In Case 6, on the contrary, generalized edema was present 
and the total proteins were markedly lowered. Both cases showed 
definite increase in the percentage of globulin and in the nonproteins. 

The effect of chronic nephritis and edema on the serum proteins 
is shown in Table 1 of this article. The most marked variation from 
normal is the low total protein. This is due, in large part, to the 
presence of hydremia, though the toxic effect of retained waste 
products undoubtedly plays a role in reducing the available body pro- 
teins. Moreover the percentage of globulin and the nonproteins are 
above normal. Charts 1 and 2 show the striking way in which the 
total proteins and albumin rise and the nonpi'oteins fall with the 
decrease of body weight due to the loss of edema. The separation of 
the albumin and globulin curves with recovery from the severe stage 
of illness is very pronounced and is well shown in both charts, espe- 
cially in Chart 2, in which at the first examination the albumin and 
globulin were equal in amount and in ten days the ratio between the 
two became normal, that is, 26 per cent. 

6. Widal, Bernard and Vaucher: Semaiue med., 1911, 31, 49. 

1 . Reiss: Ergebn. d. inn. Med. .u. Kinderh., 1913, 10 , 603; Zentralbl. f. 
Kinderh., 1909, 14 , ISO; Jahrb. f. Kinderh., 1909, 70 , 311; Miinchen. med. 
Wchnschr,, 190S, 55 , 1853. 

8. Brandenstein: Zur Frage der Schadigung der Nierenkrankheiten durch 
Kochsalz, Senator Festschrift, 1904. 

9. Georgopulos: Ztschr. f. klin. Med., 1906, 60, 411. 

10. Chiray: Presse med., 1908, 16, 29. 
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water containing an alkali (Hammarsten). A characteristic spectrum 
is also described for it. We have never been able to identify luetin in 
the^ plasma in any instance, in particular in one faintly stained plasma 
which gave a positive Gmelin’s test, but not the Huppert-Cole test. 

For the purpose of recording, the bilirubin content of the blood is 
expressed by the dilution required to diminish the staining to a point 
where it is just perceptible in a column 1 cm. deep. Plasma to be thus 
measured must be obtained free from hemolysis. In diluting the 
plasma with distilled water, a faint precipitate of globulin usually 
appears in suspension, which can be put in solution by a drop of 
ammonium hydroxid. The end point of the dilution, that is, where 
the yellow color is just perceptible, is found by comparing the solution 
in a small test tube with a similar column of. distilled water. To facili- 
tate reading, the tubes are held parallel and observation made down 
the length of the tubes, and a device which serves to bring the two 
columns to still more equal terms is to immerse the ends of the tubes 
in an inch or two of water in an evaporating dish. This cuts 
out all reflecting surfaces and gives a white background. While 
this by no means serves to make quantitative estimates of bili- 
rubin in the blood, it does give a method for comparing and recording 
the jaundice of the plasma within about a 10 per cent, error. Speci- 
mens of plasma examined by this method showed a staining that could 
be diluted as high as 275 times. The lesser degrees of staining are 
not so satisfactorily estimated and no measurement under ten is very 
reliable. All at twenty or over gave a positive Gmelin’s test. 

Quite recently there has appeared a method 7 for measuring bili- 
rubin in plasma, but as yet no general use has been made of it. 

For urobilin Ehrlich’s aldehyde test was employed on oxalate 
plasma, applied directly. Most of the blood protein is first precipi- 
tated by one or two volumes of saturated alcoholic solution of zinc 
acetate and centrifugalizing ; 5 to 10 drops of the aldehyde reagent 
are added and a color from pink to dark red develops, which gives the 
characteristic spectrum if urobilin or urobilinogen is present. While 
negative results by this method are not always acceptable the writer 
has found the test positive in three instances and then strongly positive. 

For detection of bile salts the Pettenkofer test was employed. The 
Pettenkofer test is not specific for bile salts or for any group and 
therefore all its results must be carefully criticised. On account of its 
lack of specificity the Pettenkofer reaction appears very seldom i n ^ 
literature (other than biochemical). Pettenkofer, in his original 
description, named forty substances that give it. Of those that occur 
in the blood and are known to give it are cholesterm and lecithin, 


7. Hooper and Whipple : Am. Jour. Physiol., 1916, 40 # 332. 
* 
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It is seen that the total protein at the last examinations made in 
Cases 1 and 3 were nearly 2 per cent, below the normal values, in 
spite of the complete absence of visible edema and a great loss of 
weight. This failure to return to the normal level is undoubtedly a 
manifestation of internal edema, which persists long after the sub- 
cutaneous edema is demonstrable, and also a manifestation of the 
chronic intoxication present in nephritis. That, retained toxins can 
aid in breaking down serum proteins is certain. In this connection it 
is interesting to note that Castaigne and W. Chiray 11 have shown by 

TABLE 1. — Chronic Nephritis with Edema 


Case 

No. 

Age, 

Years 

Date 

; 

Diagnosis, Data, etc. I 

1 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent, of 
Globulin 

1 

34 

10/12 

Chronic nephritis with marked 
edema; slight rise of tempera- 
ture and leukocytosis at en- 
trance; Wassermann negative 

1.9 

1.9 

3.8 

1.4 

50 



10/14 

: 

Nonprotein N =r 5 6 mg. per 100 
c.c. of blood; less edema 

2.1 

1.9 

4 

1.4 

47.5 



10/22 

No visible edema; walking 
around, feeling well 

3.2 

2 

5.2 

1.2 

38 

2 

SO 

| 

1/29 

1 

Ohronic glomerular nephritis 
with marked edema; nonpro- 
tein N = 36 mg.; Wasser - 1 
mnnn wk. +; weight = 173 
lbs. j 

3 

1.6 

4.6 

1.2 

35 



2/ 3 

Less edema; no other Improve- j 
ment; weight = 162 lbs. 

3 

1.8 

4.8 

1.4 

37.5 

3 

38 

1/19 

Ohronic glomerular nephritis; 
marked edema; weight = 162 
lbs. 

2.6 

1.6 

4.2 

1.5 

38 

- 


1/24 

Edema disappearing with ener- 
getic eliminative treatment; 
weight = 144 lbs. 

3.2 

1.6 

4.8 

1.4 

33 



1/31 

Less edema; weight == 134 lbs. 

3 

1 1.7 

4.7 

1.2 

36 



2/ 4 

Edema practically gone; weight 
= 128 lbs. 

3.2 

1.5 

' 4.7 

' 1.3 

32 

. 


2/14 

Edema gone; weight = 120 lbs. 

3.9 

1.4 

5.3 

1.3 

26 


the refractometer that subcutaneous injections of complex proteins 
cause slight diminutions in the serum proteins, which, they conclude, is 
due to the toxic effect of these injected substances. These authors, 
moreover, were able to produce cachexia and finally death by many 
repetitions of such toxic effects. Thus, in a case of nephritis whose 
serum proteins remain far below normal long after visible edema has 
disappeared we must assume a chronic toxicity. Reiss 7 learned to 
associate a bad prognosis with such cases. From the above considera- 
tions it is seen that the duration and extent of treatment of nephritics 


11. Castaigne and Chiray, W. : Compt. rend. Soc. de biol., 1906, 60-61, 220. 
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The spectrum of a Pettenkofer test for bile salts, obtained from 
human gallbladder bile and fistula bile by dialysis and by the Hoppe- 
Seyler method, shows a wide absorption band in the blue when the 
test is first made and is of a cherry red color. Later, as the cherry 
turns to purple, the band in the blue fades and a smaller band develops 
in the orange (near D, between D and C). In a strong reaction both 
may be visible at once, but in weaker reactions the band in the blue 
usually fades before the other appears. This same spectrum is given 
by bile salts dialyzed from the plasma, as well as by those precipitated 
by the Hoppe-Seyler method. Numerous plasmas dialyze salts in 
water that give the Pettenkofer test; that is, the cherry red or pink 
color turning to purple, but not in concentration sufficient to allow the 
positive identification of the absorption bands. So we have been 
obliged to accept as positive in many instances reactions that give the 
colors, but not the spectra. 

It is not claimed in this report that every specimen which gave a 
positive Pettenkofer test was proved absolutely to contain bile salts. 
But it may be said, further, that the method stated gives positive 
reactions in many cases of jaundice in which bile salts appear in the 
urine and gives negative tests in those same cases after the bile salts 
have disappeared from the urine. It also seldom gives positive tests 
in normal plasma. 

The Pettenkofer reaction was not found to be adaptable to quantita- 
tive measurements either colorimetrically or spectroscopically, but 
there is a distinct variability in the intensity of the color reaction as 
well as in the definition of the absorption bands. This is sufficiently 
clear, that these tests can be classified as plus, double plus and triple 
' plus. 

By these methods the writer has examined the plasma of twenty 
patients in whom a diagnosis of pernicious anemia had been made. 
That is, he has tried Gmelin’s reaction; measured the staining of the 
plasma; tested for urobilin; dialyzed and examined the dialysate for 
bilirubin and tested it for bile salts with the Pettenkofer and spectro- 
scopic tests. The results of this investigation are summarized in Table 
1. In this table also are certain other observations that are immediately 
concerned, namely, the blood findings relative to the anemia, the skin 
jaundice, the biliary elements in the urine, and the urobilin in the stool. 
On the urine the Hammersten-Salkowski test was used for the bile 
pigments, Hay’s test for the bile salts, and Ehrlich’s aldehyde test 
for urobilin. , For the stool Wilbur and Addis’ method of measuring 
the total daily urobilin excretion was used. And to correlate with t e 
clinical side the table is made to include an index of the two most 
significant symptoms in the cases studied, that is, the loss of strengt 
and the nerve disturbances. In the latter the determination of ataxias 
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the percentage of globulin, over the normal, though three of the 
values are within normal limits. The total proteins vary from normal 
to slightly subnormal values, due probably to the varying degrees of 
toxicity and internal edema present. The nonproteins vary from 
normal values to high abnormal values, which shows the varying 
degree of kidney damage present in different cases of chronic nephritis, 
and emphasizes the importance of laboratory investigation of all 
nephritics. This importance of laboratory results is best shown in 
Case 6, in which the total proteins are slightly below normal, the non- 
proteins and percentage of globulin markedly above normal, all of 
which variations point toward a likely return of the former uremic 
condition and suggest the importance of treatment in spite of the 
apparent health of the patient. 


TABLE 3. — Chronic Nephritis Without Uremia or Edema 


Case 

No. 

Age, 

Years 

Diagnosis, Data, etc. 


Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tcin 

Per 

Cent, of 
Globulin 

1 

45 

Chronic nephritis; chronic myocar- 
ditis; arteriosclerosis 

4.4 

j 2.5 

6.9 

1.2 

36 

2 i 

19 

Chronic nephritis; duodenal ulcer 

6.1 

: i.8 

7.9 

1.1 

23 

3 j 

20 

Chronic glomerular nephritis 

3.6 

2.5 

6.1 

1.2 

40 

4 

17 

Chronic nephritis 

3.8 ; 

2.3 

6.1 

1.4 

38 

5 

; 

40 

Chronic glomerular nephritis; hyper- 
trophy and dilation of heart; blood 
N = 40 mg.; phenolsuiphonephthalein 
renal function = 25%; fundi showed 
marked hemorrhages and exudates 

5.2 

1 

2.5 

7.7 

1.4 

32 

6 

22 

Chronic nephritis; 4 years before had 
uremic coma and albuminuric 
retinitis 

3.9 i 

f 

1 

2.4 ’ 

6.3 

1.8 

38 

7 

34 

Chronic nephritis; hypertrophy, and 
dilation of heart; secondary anemia 

4.8 j 

l 

1.3 , 

6.1 

1.6 

21 


CARDIAC DECOMPENSATION 

The refractometric determinations of total proteins as done by 
Bohme and Reiss, 7 Widal, 0 Chiray 10 and others in cases of cardiac 
decompensation have shown certain interesting facts. The “internal 
edema,” which may be present in spite of the absence of visible 
external edema, occurs in this condition as well as in nephritis. The 
fact that serum dilution is usually less in edematous cardiac patients 
than in edematous nephritic patients was commented on under the 
subject of nephritis. We have found, as. did Bohme and Reiss, cases 
of generalized cardiac edema in which the total proteins are normal in 
amount. ■ Chiray 10 also noticed this and offered as an explanation 
venous stasis, caused 'primarily by heart insufficiency, but helped by 
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By these same methods the writer has examined the plasma of a 
series of patients selected on account of suspected liver disease, infec- 
tions, anemias, etc., as well as many normals. Table 2 summarizes ten 
of these cases, nine being secondary anemias from various causes, and 
one being a case of Band’s disease. Of the nine secondary anemia 


TABLE 1.— Summary of Findings- 


Name 

Age, 

Tears 

Red Blood 
■ Cells 

Hemo- 
globin, 
Tall- 
quist, % 

Color 
. Index 

Jaun- 

dice 

History 

of 

Jaundice 

Jaundice 
of Plasma 

Blood 

Gmelin’s 

Test 

UroblU 

L. H. 

GO 

1,032,000 

30 

1.5 

+ 

+ 

20 

+ 

m 

* 


3,500,000 

70 

1 

+ 

+ 

15 

0 

H 

M. C. 

52 

1,200,000 

40 

1.7 

+ 

4- 

60 

4- 

0 

B. S. 

63 

3,300,000 

70 

1.05 

+ 

+ 

... 

~L 

... 

t 


3,300,000 

70 

1.05 

+ 

4* 

15 

0 

... 

t 

61 

3,400,000 

70 

1 

0 

+ 

15 

0 

0 

S. H 

57 . 

2,277,000 

CO 

1.3 

0 

0 

20 

4* 

... 

U. A. 

52 

2,312,000 

70 

1.5 

0 

0. 

0 

0 

... 

P. C. 

61 

1,400,000 

40 

1.4 

J~ 

4* 

150 

4* 

0 

M. B. 

18 

3,821,000 

so 

1.05 

0 

0 

15 

0 

... 

L. C. 

42 

3,100,000 

70 

1 

0 

0 

75 

+ 

0 

E. B. 

39 

' 1,200,000 

70 

2.9 

0 

0 

50 

+ 

0 . 

J. W. 

56 

1,168,000 

40 

1.7 

+ 

0 

70 

+ 

0 

§ 


1,914,000 

65 

1.7 

"f 

+ 

20 

0 

0 

L. X. 

45 

3,731,000 

75 

1 

0 

0 

50 

+ 

0 

C. A. 

60 

2,256,000 

75 

1.7 

+ 

0 

50 

+ 

... 

* U 
tt 


1,200,000 

45 

o 

+ 

+ 

25 

+ 

0- 

H. ET. 

47 

3,S70,000 

85 

i.i 

4* 

0 

0 

0 

0 

G. L. 

42 

574,000 

40 

1.8 

4* 

4- 

70 

+ 

0 

' P. X. 

43 

1,200,000 

40 

2 

0 

0 

40 . 

+ 

0 

J. L. 

56 

3,132,000 

SO 

1.3 

0 

0 

25 

+ 

0 

M. H. 

27 

960,000 

30 

1.5 

0 

0 

35 

+ 

0 

V. B. 

39 

2,656,000 

65 

1.5 

0 

0 

35 

+ 

0 

B. P. 

67 

1,848,999 

50 

1.4 

0 

0 

10 

0 . 


C. Z. 

39 

1,024,000 

45 

2.1 

0 

+ 

25 

+ 

0 


* L. H. three months later, 
t B. S. three months later. 
t B. S. one year later. 


§ J. W. two months later. 
# C. A. nine months later. 


cases, none showed any staining of the plasma, although two of the 
patients were described by the ward physician as appearing jaundiced 
at the time the specimens were taken. Two of the secondary anemia 
cases had bile salts in the plasma. The patient with Banti s disease 
was jaundiced and had both bile pigments and salts in the plasma, but 
neither in' the urine. 
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kidney damage. This explanation has already been referred to in our 
recent article on venous stasis. 12 The percentage of globulin and the 
nonproteins are above normal in these cases of cardiac decompensation. 


ARTERIOS CLEROSIS 

The patients studied in this series had arteriosclerosis as their 
primary diagnosis and all had hypertension. Total proteins were 
normal except for moderate decrease in Cases 3 and 4. The per- 
centage of globulin, except in Cases 2, 3, and 5, were within normal 
limits. The nonproteins were normal except in Cases 1 and 3. When 
the average results are computed they are found to be only moderately 
abnormal. 

TABLE 5. — Arteriosclerosis 


Case 

No. 

’ 

Age, 

Years 

Diagnosis 

i 

1 

Albu- 

min 

I 

Glob- 
ulin 1 

! 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent, ol 
Globulin 

1 

48 

Arteriosclerosis, including coronary 
sclerosis 

6 

2.6 

7.6 

1.5 

34 

2 

'76 

Arteriosclerosis; cardiosclerosis; partial 
heart block; retention cystitis 

4.2 

2.3 

6.5 

1.3 

35 

3 

7* 

Arteriosclerosis; emaciation; gastric 
ulcer? 

4.2 

1.9 

1 

6.1 ! 

1 

1.4 

31 

4 

62 

Arteriosclerosis 

4.2 j 


6 

1.3 

45 

5 

60 

Arteriosclerosis 

4.8 

' 

7.9 

1.1 

89 

8 

63 

Arteriosclerosis; hemiplegia 

6.6 

1.8 

7.3 

1.3 

25 

7 

60 

Arteriosclerosis; chronic nephritis 

6.3 

1.9 

7.2 

1.3 

26 ' 

8 

1 

63 

i 

Arteriosclerosis; chronic nephritis; 
hypertrophied and dilated heart 

5.1 

• 

■ 

2.5 

7.6 

■ 

1.2 

33 

9 

58 

Arteriosclerosis 

: 5 

1.8 

6.8 

1.3 

26 


DIABETES 

Strubell, 13 Grober, 14 and Wagner 15 'first used the refractometer to 
quantitate sugar in watery solutions and in diabetic urine. The latter 
application was not successful because of the many varying urinary 
constituents. Reiss 10 investigated serum proteins with the refractome- 
ter in later years, studying especially the relation of the serum concen- 
tration to the body weight and water balance in diabetes. He reviewed 
the literature on the blood concentration in diabetes. His conclusions 

12. Rowe, A. H.: Footnote 1, second reference. 

13. Strubell: Verhandl. d. Cong. f. inn. Med., 1900, 18, 417; Deutsch. Arch, 
f. klin. med., 1901, 69, 521; Munchen. med. Wchnschr., 1902, 49, 616. 

14. Grober: Centralbl. f. inn. Med., 1900, 21, 201, 

15. Wagner: Ueber quantitative Bestimmungen wasser zur Losungen mit 
den Zeisschen Entauchrefractometer, Dissertation, Jena, 1903. 

16. Reiss: Deutsch. Arch. f. klin. Med., 1909, 99, 419; see also Footnote 7. 
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salts in the blood is associated with some disease of the liver, which 
is in accord with the idea most commonly held, that bile salts are 
formed only in the liver. 

On the basis of experience with jaundice of the plasma in the 
various diseases of the liver, and the frequent appearance of bile salts 
in the blood in pernicious anemia, one interpretation of our findings 
in the cases tabulated can be ventured, namely, that the jaundice is 
hepatic in origin. From the fact that bile pigment in all these cases 
was not found in the urine, and, furthermore, usually does not dialyze 
through collodion membranes into water, it is assumed that the pigment 
is fixed to the plasma, perhaps chemically. This fixation does not 
seem to depend on the intensity or duration of the jaundice. Why 
the bile salts are diffusible from the plasma through collodion mem- 
branes and do not appear in the urine we -have no theory. 


TABLE 2. — Summary of Findings in Blood— 


Name 

Age, 

Years 

Diagnosis 

Bed Blood 
Cells 

Hemo- 
globin, 
per Cent. 

Color 

Index 

A. B. 

32 

Hemorrhoids 

2,144,000 

20 

0.47 

J. S. 

18 

Bismuth poisoning 

1,500,000 

SO 

1 

P. G. 

30 

Hemangioma of spleen 

3,144,000 

40 

0.6 

A. C. 

82 

Bantl's disease 

5,100,000 

85 

0.S5 

J. S. 

28 

lead poisoning 

4,640,000 

70 

0.7 

I/. 2. 

34 

Incomplete abortion 

3,064,000 

45 

0.7 

J. L. 

25 

Acute nephritis 

2,888,000 

50 

0.9 ■ 

W.H. 

68, 

Carcinoma of stomach 

4,010,000 

70 

0.9 

H. 8. 

50 

Chronic plumbism 

3,680,000 

’ 70 

0.9 

L. 0. 

28 

Hemorrhoids 

2,500,000 

30 

0.6 


What diagnostic value may be attached to the findings of bile pig- 
ment and bile salts in the plasma remains to be seen, but it is quite 
apparent that jaundice can be estimated with more certainty from 
observations of the plasma than from observations of the skin and 
sclerae. In the anemias, especially, a faint degree of jaundice, such 
as occurs in pernicious anemia, is frequently a matter of uncertainty, 
for the pallor exaggerates the normal pigmentation of the skin and the 
so-called lemon yellow skin is often a much disputed symptom. The 
large amount of bilirubin in the plasma in some cases increased t. e 
difficulties met in obtaining estimations of hemoglobin by the Tallqvist 
or Sahli method, for the adventitious yellow color prevents an accurate 
reading and tends to make the results too high. The diagnostic value 
of the presence of bile salts in the blood also is not very clear, but we 
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Rogers. That the Allen treatment was not responsible for the normal 
amounts of globulin obtained in all cases except Case 3 is shown by 
the normal results obtained in Case 1. 

The average value for nonproteins in this series is slightly higher 
than normal. It is interesting to notice that as improvement occurred 
in Case 3, the nonproteins decreased to normal limits. Cases 9 and 
10 had low total proteins, which probably was a sign that hydremia 
was present as well as a diminution of the available body proteins 
due to the chronicity of the disease and the long duration of low 
caloric intakes. That hydremia was in part a cause for these low 
values is likely when we consider the frequency of edema during the 
starvation treatment, especially when salty broths are freely given. 


TABLE 7. — Anemias 


Case 

Xo. 


Blood Picture 

Albu- 

min 

Glob- 
ulin j 

i 

Total, 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent, of 
Glob- 
ulin 

Diagnosis 

Red 

Cells 

White 

Cells 


1 

Pernicious anemia... 

1,330,000 

3,000 

; 45 

4.5 

1.3 

5.8 

1.2 

i 22 

2 

Pernicious anemia...] 

1,200,000 

3,700 

| 30 

4.4 

1.4 ' 

5.8 ; 

1.3 j 

24 

3 

Pernicious anemia... 

1,152,000 

8,800 

; 30 

5 

i.r> 

0.6 : 

,3 j 

24 

4 

Secondary anemia- 
etiology? 

3,S96,000 , 

7,500 

: 3 s 

i 

4.8 

i, j 

6.3 

1.3 | 

23 

5 

Secondary anemia; 
probable malig- 
nancy 

2,SSS,000 

36,000 

00 

i 

1 

4.4 

3,7 ! 

> 

0.1 

! 

1.3 | 

28 

6 

Banti’s disease 

4,800,000 

10,100 

75 

5 

1.6 ] 

6.6 

1.25 ; 

24 

7 

Malignant endocar- 
ditis 

•1,240,000 

10,200 

... 

7d 

. 

2.9 

2.7 j 

i 

5.6 

1.35 j 

48 

S 

Parenchymatous ne- 
phritis; marked 
edema 

? 

6,800 j 

1 

95 

2.6 

1.6 ; 

4.2 

1.5 | 

1 

i 

38 

9 

Chronic nephritis; 
marked edema j 

4,000,000 

8,800 ! 

SO 

1.9 

i.o : 

i 

3.8 

1.4 | 

i 

50 


ANEMIAS 

Reiss T reports the refractometric determinations of total proteins 
of serums in two cases of pernicious anemia, these results varying 
between 6.4 and 5.1 per cent., with typical low blood pictures. Mar- 
tius 17 obtained similar results and commented on the fact that the 
serums were not as dilute as he expected they would be from the 
examination of the whole blood. The literature on pernicious anemia, 
reviewed in the preceding paper, showed in a general way this same 
condition, as well as no increase in the percentage of globulin. The 
three cases of our series yielded results which agree with those in the 


17. Martius: Folia haemat., 1906, 3, 138. 










REFRACTOMETRIC STUDIES OF SERUM PROTEINS 
IN NEPHRITIS, CARDIAC DECOMPENSATION • " 
DIABETES, ANEMIA, AND OTHER 
CHRONIC DISEASES * 

ALBERT H. ROWE, M.D. 

OAKLAND, CALIF. 

In previous articles 1 we have reviewed the literature on serum pro- 
teins in health and disease, and have presented new values for serum 
proteins, obtained by Robertson’s microrefractometric method, from 
normal adults and from those suffering with syphilis, pneumonia and 
other infections. The relation of globulin to the Wassermann reaction 
as well as the increase of serum proteins due to stasis have also been 
studied. 

Former estimations of serum proteins in chronic diseases, which 
are referred to in a previous article , 2 show in a general way an increase 
of serum globulin with a decrease of total protein, the latter being 
most pronounced in hydremia. These results, though, are not uniform, 
owing to the use of varied technic and methods. We considered it 
necessary, therefore, to estimate the serum proteins in chronic diseases 
by the recent microrefractometric method of Robertson 3 which we 
have shown to be dependable and by which normal values have been 
already established. 

NEPHRITIS 

The refractometer has been used for many years to estimate total 
serum proteins in nephritis, but it has never been used to quantitate 
the serum albumin and globulin. Strauss 4 used the refractometer to 
study nephritic serums and thought his results offered a guide to 
treatment, since they showed the amount of edema present. He 
claimed , 5 moreover, that cardiac edema never produced such low 
dilution of serum as nephritic edema, with which opinion Widal, 

* Submitted for publication Aug. 29, 1916. 

* From the Medical Service and the Chemical Laboratory of the Massa- 
chusetts General Hospital, Boston. 

1. Rowe, A. H. : The Archives Int. Med., 1916, 18 , 455; Jour. Lab. and > • 
Med., 1916, 1, 439. Tranter and Rowe : Jour. Am. Med. Assn., 1915, 65, l-w • 

2. Rowe, A. H.: Footnote 1, first reference. 

3. Robertson, T. B. : Jour. Biol. Chem., 1915, 22 , 233. . . r 

4. Strauss: Die Chronischen Nierentziindungen und ihre Einwirkung 
die Blut flussigkeit, 1902; Therap. der Gegenw., 1903, 44 , 433; Deutsc i. t ■ 
Wchnschr., 1905, 31 , 83.' 

5. Strauss : Ztschr. f. klin. Med., 1906, 60, 501. 
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moderate elevation of the nonproteins, with normal values for the 
serum proteins. How much this elevation of nonproteins means in 
the case of myeloma we are unable to say. The single case of obesity 
examined showed triple positive Wassermann, but this syphilitic con- 
dition failed to elevate the globulin. Our normal results in a case 
of hemophilia coincide with those recently obtained by Hurwitz and 
Lucas 10 by Robertson’s microrefractometric method. It is interesting 
to include a note about the finding by refractometric examination of 
profound changes in serum proteins by Widal 20 during the attacks of 
paroxysmal hemoglobinuria. It was impossible for us to confirm this 
and to study any possible changes in serum albumin and globulin that 
may occur in this disease. 

SUMMARY 

1. Chronic nephritis with edema shows the lowest values for total 
serum proteins obtained in disease. The cause of these low values is 
probably chronic intoxication as well as hydremia. The percentage of 
globulin and the nonproteins are definitely increased above normal 
limits. 

2. Serum proteins in chronic nephritis with uremia have been 
determined for the first time by an accurate refractometric method. 
The total proteins are either normal or slightly above normal, due 
probably to dehydration. The percentage of globulin is usually 
increased, but approaches normal as death draws near. Nonproteins 
are extremely high. 

3. Chronic nephritis without edema or uremia produces a decided 
increase in the percentage of globulin, a moderate increase in the non- 
proteins and slight depression of the total proteins. 

4. Cardiac decompensation with or without edema shows a decrease 
of total proteins, though not to the extent found in chronic nephritis 
with edema. The percentages of globulin and the nonproteins are 
moderately above normal. 

5. In arteriosclerosis the average results show normal total pro- 
teins, while nonproteins and percentages of globulin are moderately 
increased. 

6. Diabetes shows normal percentages of globulin except when a 
complicating infection is present, which causes a rise. A slight 
increase in the nonproteins was found. Total proteins were normal 
except for subnormal values in two severe cases. 

7. In pernicious anemia the total proteins are not as low as would 
be expected from examination of the whole blood, being higher than 

19. Hurwitz and Lucas: The Archives Int. Med., 1916, 17, 543. 

20. Widal, Abrami, Brissaud, Bernard and Joltrain: Arch. d. mal du Coeur, 
1915, 8, 430. 
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Chart 2. — Graphic results of Case 1 (Table 1). The comment of Chart 1 
applies in this case. The separation of the albumin and globulin curves is 
most striking. 





BACTERIOLOGIC STUDIES IN SUBACUTE STREPTO- 
COCCUS ENDOCARDITIS* 

RALPH A. KINSELLA, M.D. 

NEW YORK 

It was the purpose of this study to search for distinctive features 
in the group of streptococci associated with subacute streptococcus 
endocarditis. The criteria adopted were cultural, biochemical and 
immunologic characteristics. Incidentally, the presence of antibodies 
in the blood of patients suffering from the disease and the immediate 
effect of blood transfusions on the bacteriemia were investigated. 

The recognition of a distinct form of endocarditis, called by some 
writers subacute bacterial, by others endocarditis lenta and chronic 
infectious endocarditis, has been of comparatively "recent date and 
of slow evolution. Although of only moderately common occurrence, 
the disease is extremely important, since all of the cases studied, except 
one, 1 have been fatal. 

Virchow in 1855 first suggested an infectious origin for the endo- 
carditis associated with uterine infections, and attention was there- 
after directed to the finding of bacteria in the vegetations in both 
ulcerative and verrucous endocarditis. Heiberg 2 described a case 
of acute endocarditis which had been reported by Winge in 1869 in 
which micrococci were found in the vegetations and added another 
case of acute ulcerative endocarditis in which small micrococci were 
present in the vegetations. 

For a short period it was thought that bacteria were present in all 
forms of endocarditis. Thus, Klebs 3 felt that he could separate 
rheumatic from septic cases by the character of the cocci found in 
microscopic sections. Koster 1 thought that verrucous endocarditis 
was a chronic and healed stage of ulcerative endocarditis and hence 
originally of bacterial origin. It may be noted that this idea of healed 
bacteria-free endocarditis has been supported with new evidence in 
recent years by Libman, 5 but with the distinction that the healed cases 
are supposed to have been of the subacute bacterial type. 

* Submitted for publication Sept. 19, 1916. 

* From the Medical Clinic, Presbyterian Hospital, Columbia University, 
New York. 

1. Hemsted, H. : Lancet, London, 1913, 1, 10. 

2. Heiberg, H. : Virchows Arch. f. path. Anat., 1872, 56, 407. 

3. Klebs : Arch. f. exper. Path. u. Pharmakol., 1878, 9, 52, cited by Wyssoko- 
witch (Footnote 8). 

4. Koster, K. : Virchows Arch. f. path. Anat., 1878, 72, 257. 

5. Libman, E. : Am. Jour, Med. Sc., 1913, 146 , 525. 
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could be guided in a definite way by the rapidity with which the total 
proteins return to their normal limits and by the separation of the 
albumin and globulin curves from one another. If either of these 
phenomena fail, prognosis is bad and treatment should be persistently 
continued. 

Table 2 shows the effect of chronic nephritis with uremia on the 
serum proteins. Strauss 1 and Reiss 7 thought that the refractometric 
investigation of serum proteins was useless because of the great 
increase in the nonproteins. Reiss was certain that the correction of 
0.6 per cent, which Widal, Bernard and Vaucher allowed for the 
increase in waste products in uremic serums was too small. Because 
of the fact that constant values have been used for nonproteins in 
determining the serum concentration with the refractometer, former 


TABLE 2. — Chronic Nephritis with Uremia 


Case 

No. 

Age, 

Years 

Diagnosis, Data, etc. 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent, of 
Globulin 

1 

: 

29 

j 

Chronic glomerular nephritis: hyper- 
trophy and dilatation of heart, 
slight edema 

3.4 

2.4 

i 

5.3 

; 1.7 

/ 

: 41 

« 

o 

45 

Chronic glomerular nephritis, 11/15/16.. 

4.8 

2.3 

7.1 

1.4 

; 32 



In uremic coma for 18 hrs., 9/23/16.... 

6 

1.9 

7.9 

1.55 

24 

3 

22 

i 

Chronic glomerular nephritis; 160 mg. 
nonprotein N per 100 c.c. blood 

3.9 

2,2 

6.1 

1 

2 

36 

4 

45 

l 

Subacute nephritis; 86 mg. nonprotein 

I N per loo c.c. of blood; phenolsul- 
phonephthalein renal function = 
15 per cent. 

3.3 

2.6 

' 

5.9 

1.6 

44 

■ 

5 

26 

Chronic glomerular nephritis, begin- 
ning uremia; death 4 days later; 
Wassermann si. + 

5.5 

2.1 

7.6 

1.75 

28 


results are not satisfactory. Thus Robertson’s method, employing, 
•as ' it does, a separate determination for nonproteins in each case, 
makes possible for the first time accurate determinations by the 
refractometer of serum proteins in cases of uremia. 

• Our results show that in uremic patients, the percentage of globulin 
is usually increased above normal. In those two patients nearest death 
the percentage of globulin -was normal, which finding we are unab e 
to explain: In this series the total proteins are normal in one half o 
the cases and moderately subnormal in the other half.. These norm 
values indicate a dehydration of the body tissues due,, in laige part, o 
the inability to take any fluid into the system. The nonprotems 
these cases are very high, as would be expected. , 

Table 3 shows the effect of chronic nephritis alone on the serum 
proteins.-' The majority of these results present a decided increase i 
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same year Libman and Celler 10 described the same disease under the 
name of “subacute bacterial” endocarditis and found later 17 that while 
most of the streptococci produced green on blood agar plates, some 
were indifferent and some produced slight clearing. They also stated 
that the streptococci found were not very virulent. 

The fact that positive blood cultures are occasionally obtained 
in rheumatic endocarditis should not confuse the conception of the 
disease under discussion, because bacteriemia in rheumatic endocarditis 
is rare, slight and transitory when it does occur, or may be present 
just before death. Subacute bacterial endocarditis, on the other hand, 
is a disease in which bacteriemia is a constant feature. This question 
is well discussed in a review by Simons . 18 

While the bacteria obtained are almost always streptococci, other 
organisms, such as influenza bacilli and gram-negative cocci have been 
described. The cases on which the present study was based were all 
cases of streptococcus infection. The characteristics of these strep- 
tococci have been studied by others, and such features as low virulence 
and their effect on blood agar have been described. Horder 11 studied 
the fermentation reactions of the streptococci from seventeen such 
cases from the standpoint of the grouping proposed by Andrewes and 
Horder 10 and found that nine belonged to the salivarius type and eight 
to the fecalis type. Major 20 studied the complement fixing antibodies 
in the serum of a patient and concluded that the reaction was not 
specific, since it was also obtained with an antigen made from Strepto- 
coccus pyogenes. Rosenow 21 claims that the bacteria usually isolated 
from these cases are “modified pneumococci,” and tries to show that 
“the continuation of infection and death are largely due to a process 
of bacterial immunization against the antibodies of the host rather 
than to the virulence in the usual sense of the infecting bacteria.” 

CASE REPORTS 

^ The twelve cases herein described were typical of the disease. A 
brief synopsis of each case follows : 

Case 1. — R. T., ironworker, aged 43, gave an indefinite history of rheuma- 
tism. He had “typhoid-pneumonia" twenty years previously. He had pains 
about the heart for twenty years. The onset of the present trouble was gradual, 
with weakness and chills. Later features were petechiae, subcutaneous nodules, 
arthritis in the small joints of hands and feet, left-side cardiac enlargement and 
signs of aortic and mitral insufficiency. The Wassermann reaction was negative. 


16. Libman, E., and Celler, H. L.: Am. Jour. Med. Sc., 1910, 140, 516. 

17. Libman, E. : Am. Jour. Med. Sc., 1912, 144, 313. 

18. Simons, I.: Quart. Jour. Med., 1913-1914, 7, 291. 

19 Andrewes, F. W., and Horder, T. J. : Lancet. London, 1906, 2, 775. 

20. Major, R. H.: Bull. Johns Hopkins Hosp., 1912, 23, 326. 

21. Rosenow, E. C. : Jour. Infect. Dis., 1909, 6, 245; ibid., 1910, 7, 429. 
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TABLE 4. — Cardiac Decompensation 


Case 

No. 

Age, 

Years 

Diagnosis with Data 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent, of 
Globulin 

1 

63 

Decompensation of heart; arterio- 
sclerosis (general and renal); chronic 
passive congestion; edema in legs 

4 

1.9 

5.9 

1.4 

34 

2 

43 

Slight decompensation; mitral disease; 
auricular fibrillation; exophthalmic 
goiter? slight edema 

4.7 

2.6 

7.3 

1.3 

36 

3 

38 

Decompensation; auricular fibrillation; i 
anasarca 

4 

2 

6 

1.3 

33 

4 

20 

Mitral stenosis; aortic and tricuspid 
insufficiency; pericardial effusion; 
1 / 18 / 16 , wt. = 130 lbs. 

3.4 

3.2 

6.6 

1.45 

49 

4 

20 

2/12/16, compensation regained; wt. = 
128 lbs. 

5 

1.9 

6.9 

1.2 

23 

5 

62 

Myocardial Insufficiency; arteriosclero- 
sis; pulsus alternans; edema 

4.5 

2.1 

6.6 

1.3 

32 

6 

34 

Myocardial insufficiency; tricuspid in- 
sufficiency; chronic mitral and aortic 
disease; no edema 

4.6 

2.7 

7.3 

1.5 

37 

7 

67 

Myocardial insufficiency, with edema; 
auricular fibrillation; chronic ne- 
phritis 

4.3 

2.1 

6.4 

1.2 

33 

3 

. 32 

Aortic and mitral Insufficiency, with 
stenosis; edema 

4 

2 

6 

1.3 

33 

9 

46 

Decompensated hypertrophied and di- 
lated heart; edema; general arterio- 
sclerosis 

3.8 

2.5 

6.3 

1.3 

40 



Chart 3. — Graphic results of Case 3 (Table 4). The high percentage o 
globulin due to a chronic foot infection in a diabetic with a fall of the g 
and separation of the albumin and globulin curves as the infection hea 
under the Allen starvation treatment is shown. The normal values for 
proteins obtained at the last examination are similar to those found in u 
plicated cases of diabetes. 
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Case 8. — J. M., a boy, aged 18, gave a history of acute articular rheumatism 
at 12 and 16 years, accompanied by “heart trouble.” The onset of his illness 
was gradual, with palpitation, precordial pain and joint pains. The clinical 
features were a tender joint of one of the small toes and signs of aortic 
and mitral insufficiency. The leukocytes numbered 18,000. The Wassermann 
reaction was negative. The temperature varied from 101 to 103. Strepto- 
coccus B .4 was isolated repeatedly, 570 colonies per cubic centimeter. The 
patient died after an illness of about five months. 

Case 9. — R. M. B., a physician, aged 34, gave a history of acute articular 
rheumatism at the age of 13. He was known to have had “aortic regurgita- 
tion” for ten years. The onset of this illness -was gradual, with weakness, 
continuous fever and joint pains. The clinical features were signs of aortic 
insufficiency, enlarged spleen, arthritis of the small joints of the hand, petechiae 
and subcutaneous nodules. Streptococcus MB was isolated four times in 
pure culture, from four to six colonies per cubic centimeter, over a period of 
four months. The duration of his illness was seven months. Pure culture of 
streptococci were obtained postmortem .from the heart’s blood and from the 
spleen; and streptococci were present in the smears of aortic vegetation. 

Case 10. — P. S., a boy, aged 15, had scarlet fever followed by “swelling of 
the legs” at 4; joint pains and “heart trouble” at 6; attack of cardiac weak- 
ness with fever at 8; similar attack with pain in the feet, neck and abdomen 
with sterile blood culture at 11. The present trouble began with pain in feet, 
ankle and knee, with petechiae, subcutaneous nodules and progressive weakness. 
The clinical features were tenderness over the spleen, petechiae and signs of 
aortic and mitral insufficiency. The leukocytes numbered 14,000. The tem- 
perature ranged from 99 to 102. The Wassermann reaction was negative. 
Streptococcus A 26 was isolated frequently over a period of ten months, there 
being seventeen colonies per cubic centimeter. The duration of the illness 
was about eleven months. 

Case 11. — C. C., laundryman, aged 36, gave a history of occasional sore 

throat. There was a slow onset of the present illness, with continuous fatigue, 

occasional chill, loss of weight and cough. The clinical features were signs 

of marked aortic insufficiency. The temperature ranged from 98 to 102. The 

leukocytes numbered from 8,000 to 10,000. The Wassermann reaction was 

negative. Streptococcus A 56 was isolated repeatedly, from 165 to 200 colonies 

per cubic centimeter. The duration of the illness was about eight months. 

\ t 

Case 12. — A. B., a married woman, aged 33, gave a history of scarlatina 
and diphtheria in childhood and “malaria” with “pneumonia” at 15. There 
was a vague history of rheumatism. The onset of the present illness was 
with sore throat, followed by chills and later, by joint pains and painful 
finger tips. The clinical features were petechiae, subcutaneous nodules, pain 
in the hips and signs of mitral insufficiency and stenosis. The leukocytes 
numbered 15,000. The Wassermann reaction was negative. The temperature 
ranged from 99 to 103. Streptococcus A 32 was isolated frequently during three 
months, from 500 to 1,200 colonies per cubic centimeter. The patient died 
about four months after the onset. 

METHODS 

1. Blood Cultures: From 30 to 40 c.c. of blood were withdrawn 
from a cubital vein by means of a McRae needle. The blood was 
planted directly in flasks of broth, from 5 to 10 c.c. of blood being 
used. Dextrose agar plates were poured (from 2 to 3 c.c. of blood 
each) and 5 c.c. were hemolyzed in 40 c.c. of sterile distilled water and 
the sediment, after centrifugalization, was planted in a deep tube of 
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were that changes in weight in diabetes are due to anomalies in the 
water and salt excretion caused by an accompanying nephritis. 

The results of our series of examinations in diabetics are shown 
in Table 6. With the exception of Case 3, the percentages of .globulin 
are all normal. The results of Case 3 are shown in Chart 3. The 
first examination was made when there was an active chronic infection 
in the right foot. This accounts, undoubtedly, for the high percentage 
of globulin present, since as the condition improved with Allen treat- 


TABLE 6. — Diabetes 


Case 

No. 

Sugar in 
Urine, 

% 

Blood 

Sugar, 

% 

Comment 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent, of 
Globulin 
\ 

1 

4 

0.22 

Before Allen treatment was 
started 

6 

0 

8 

1.3 

25 

2 

O.S 

0.24 

Tests made during period of 
lowered tolerance 

6.2 

1.9 

8.1 

1.3 

23 

3 

0 

0.24 

Third day of starvation, 59.S 
vol. per cent. CO 2 * bound by 
100 c.c. of blood plasma; 
chronic infection in toot 

5 

3.8 

8.8 

1.4 

■13 


0 

.... 

Eighth days of treatment, in- 
fection nearly well; low cal- 
oric intako 

6.2 

2.8 

9 

1.3 

31 . 


0 

0.15 

Eighteenth day of Allen treat- 
ment, infection well; moder- 
ate caloric intake 

o.S 

1.8 

7.6 

1.2 

24 

4 

0 

• * » • 

Low calorie intake 

5.7 

1.3 

7 

1.3 

19 

5 

0 

• » • • 

Low caloric intake 

5.5 

1.7 

7.2 

1.2 

24 

6 

0 

«... 

Moderate calorie intake 

6 

1.9 

•7.9 

1.2 

24 

\ 

7 

2 

0.36 

Tuberculosis of the kidney with 
nephritis prevented a strict 
Allen treatment 

5.G 

1.8 

7.4 

1.4 

24 

S 

0 

• ... 

Moderate calorie intake 

5.7 

1.5 

7.2 

1.3 

21 

9 

0 

.... 

Low caloric intake, 56.7 vol. 
per cent, of COs bound by 
100 c.c. of plasma 

4.6 

1.7 

6.3 

1.4 

27 

10 

. 

0 

* 

Starvation period; moderate- 
degree of acidosis; 40.9 vol. 
per cent, of COs bound by 
ICO c.c. blood plasma 

4.2 

1.5 • 

5.7 

1.2 

26 


* The volume percentage of carbon dioxid was determined by Van Slyke s method. 


ment and the foot finally healed, the globulin became normal. Tie 
improvement in this case is indicated, as in Charts 1 and 2, by a 
separation of the albumin and globulin curves.- That the high pei 
centage of globulin was not due to a high blood sugar content , is 
shown by the fact that Cases 1, 2, and 7 , which had as large amounts 
of blood sugar as did Case 3, had perfectly normal amounts of gf°bu 
lin. All examinations, except in Case 1, were made on patients receiv 
ing the Allen starvation treatment under the direction of Dr. ' Orville 
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3. The cultural characteristics of the streptococci included (a) 
their appearance in broth,- ( b ) their effect on serum dextrose agar, 
( c ) their solubility in bile, ( d ) the lethal dose of a hventy-four-hour 
broth culture for white mice, and (e) their effect on red blood cells. 
The last effect was tested by planting cultures on blood agar plates 
and by mixing a twenty-four-hour broth culture with a 5 per cent, 
saline suspension of sheep red blood corpuscles according to the 
method recommended by Lyall. 20 (/) The fermentation reactions on 
litmus milk and on raffinose, inulin, salicin and mannite serum water 
mediums were studied. Each strain was started from a single colony. 

4. For the purpose of attempting a classification of the strepto- 
cocci on an immunologic basis, rabbits were inoculated with saline 
emulsions of killed streptococci at four-day intervals in doses equiva- 
lent to 10 c.c. broth. culture. The injections were continued until the 
serum of an animal showed marked complement-binding capacity for 
the corresponding streptococcus antigen. Then the serum was tested 
against the other strains for cross fixation and cross agglutination. 

RESULTS 

T. Blood cultures: (a) As indicated in the case reports, each 
patient repeatedly yielded a positive blood culture. The colonies were 
always present in all the mediums; the streptococcus isolated was 
always in pure culture and identical with the organisms of each of the 
other cultures in the same case. The number of colonies varied from 
five to 1,200 per cubic centimeter. The bacteriemia did not fluctuate 
or change with rapidity and the same count might be expected from 
day to day. However, there seemed to be a gradual increase in the 
number of colonies per cubic centimeter as the disease advanced. The 
degree of bacteriemia did not seem to bear any direct relationship to 
the duration of the disease. 

b. Effect of transfusion on the bacteriemia (Table 1): In four 
patients the effect of transfusion on the number of streptococci in the 
circulating blood was studied. Two different methods of transfusion 
were employed: (1) The Lindemann syringe method, (2) defibrination 
of the blood by wire or beads immediately on withdrawal from the 
donor, filtration through gauze and injection without the addition of 
saline. In the Lindemann method normal salt solution was injected 
to determine whether the needle was properly placed and- at intervals 
during the transfusion when difficulty was experienced in securing 
blood from the donor. The syringes were also washed frequently with 
saline. The saline used in these transfusions had stood in the flasks 
several days after sterilization and the water from which the saline 


26. Lyall, H. W. : Jour. Med. Research, 1914, 30, 487. 
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literature. The serum proteins in secondary anemias due to cancer, 
B anti's disease, malignant endocarditis, and nephritis with edema are 
tabulated and are especially interesting in showing the remarkably 
high amount of total protein present in pernicious anemia as compared 
with the results in secondary anemias. A priori, one would assume 
that the lowest -values for serum proteins would occur in pernicious 
anemia, in which one obtains the lowest number of red cells and very 
low percentages of hemoglobin. On the contrary, the lowest results 
occur where the red count and hemoglobin are much higher than in 
pernicious anemia .- 10 In the last three cases of this series the per- 
centage of globulin is high, as would be expected from the etiologic 
factors at work in the production of these anemias. 


TABLE 8. — Miscellaneous Chronic Diseases 


Case 

No. 

Diagnosis, etc. 

Albumin 

Globulin 

Total 

Protein 

Nonpro- 

tein 

Per Cent, of 
Globulin 

1 

Hyperthyroidism 

5.4 . 

2 

7.4 

1.2 

27- 

o 

Hyperthyroidism 

5.7 

i.i 

6.S 

1.2 

16 

3 

Goiter (colloid) 

4.6 

1.8 

6.4 

1.3 

28 

4 

Hemophilia; B. 0., 5,055,000; 
hemoglobin, £0%; bleeding time 
2-2 Vi min.; clotting time 55 min. 

5.9 

| 

2.5 

8.4 

1.3 

30 

5 

Myeloma ol spinal cord; Bence- 
Jones bodies in urine 

4.8 

0 

6.8 

1.5 

29 

6 

| Chronic bronchitis 

5.7 

o 

7.7 

1.3 

26 

7 

i 

Bronchial asthma 

5.7 

2 

7.7 

1.4 

26 

8 

Pellagra 

5.6 

1.9 

7.5 

1.3 

25 

9 

Obesity; Wassermann +++ 

6 

1.6 

7.6 

1.2 

21 

10 

Lead poisoning 

5.5 

l.S 

7.3 

1.1 

25 

11 

Dyspepsia; constipation 

5.4 

2.1 

7.5 

1.2 

28 

12 

Indigestion; gastric ptosis 

5.3 

1.7 

7 

1.1 

24 

13 

Constipation 

5.2 

2 

7.2 

1 

28 

14 

Duodenal ulcer 

5 

2.3 

7.3 

1.2 

82 

15 

Cardiac neurosis 

5.7 

2 

7.7 

1.3 

26 

16 

Neurasthenia 

5 

2.4 

7.4 

* 

1.2 

32 


MISCELLANEOUS CHRONIC DISEASES 
The cases of hyperthyroidism, goiter (colloid), hemophilia, chronic 
bronchitis, pellagra, obesity, lead poisoning, chronic gastro-intestina 
disorders, and neurasthenia presented normal values for serum pro 
teins. One case of bronchial asthma and a case of myeloma of t e 
spinal cord which showed the Bence-Jones bodies in the urine ia 

18. It is interesting to know that Reiss (Arch. f. exper. Path. u. 

1914, 51 , 19) found normal values for total proteins in severe cases of leuH 
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TABLE 2. — Immune Reactions with Patients' Serum. Against 
Homologous Streptococci 


Case 

No. 

1 

Strepto- 

coccus 

Agglutination 

Reaction 

i 

Thread 

Reaction 

Complement Fixa- 
tion Reaction 

1 

1 

A 4 


! 1 

1-10 + + + 

1-100 + +■ 

I 1-1000 + 


2 

0 

1-10 + 

1-20 + 

1-10 + 

1 


3 

X K 

1 . 

1-10 + + 

1-100 + + 

1-1000 4- 


• 4 

A 30 

1-10 -f + 

1-20 + + 

I 1-40 + 

1-10 + + + 

1-100 + + 

1-1000 + 


5 

B 29 

! ^ 

1 1 

1-10 + + 

1-100 + 

1-1000 -h 

0.1 c.c. ++ 

0.05 c.e. — 

6 

R 

1-10 + 

1-20 + 

1-10 ± 

1-10 r 

1-100 + 

1-1000 t 


7 

A US 

1-10 + 

1-20 + 

1-110 + 

1 

1-10 + + 

1-100 + + 

1-1000 + 

0.1 c.c. — 

8 

B 4 

! 

i 

1-10 + + + 

1-100 ++ , 

1-1000 + , 

) 

0.1 c.c. + 

0.05 C.C. + 

0.025 c.c. — 

0 

MB 

| 

i 

i 

1-10 + + 

1-100 -r + 

1-1U00 - 


10 

A 20 | 

f 

1-10 + + + 
l-ioo +-t- : 

1-1000 + j 

0.1 c.c. + + ++ 

0.05 C.C. + + + + 
0.025 c.c. + + + + 

_i — -- 


3. The cultural characteristics and virulence for white mice are 
shown in Table 3. It will be seen that not all the organisms can be 
termed viridans, since four were indifferent in their action on blood 
cells. The term “mitis” is appropriate, since lack of virulence is a 
characteristic of all the strains. It is noteworthy that the four indif- 
ferent strains grew with clear supernatant broth and showed short 
chains and a disposition to clump. Among the strains which grew 
with turbidity the sediment was more granular when first isolated 
than later, due possibly to the presence of agglutinating substances 
carried from the blood of the patient by the bacterial bodies through 
two or three generations. 

4. Classification: This was considered from the standpoints of fer- 
mentation, agglutination and complement fixation reactions. 

a. The fermentation reactions are given in Table 4, in which the 
organisms are arranged according to groups. All of the strains, 
except A 32, which was lost, were tested when first isolated and again 
after an interval of from three to eighteen months. Only one organ- 
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in nephritis with edema, in which, the blood picture is much nearer 
normal than in the former disease. Nonproteins and percentages of 
globulin are normal in pernicious anemia and in secondary anemias 
due to cancer and Banti’s disease, but increased in the cases of 
secondary anemia due to infection and nephritis. 

8. Hyperthyroidism, goiter (colloid), hemophilia, chronic bron- 
chitis, pellagra, obesity, lead poisoning, chronic gastro-intestinal dis- 
orders and neurasthenia gave normal results. One case of bronchial 
asthma and one case of myeloma with Bence-Jones bodies showed 
moderate elevation of the nonproteins with normal values for the 
serum proteins. 

9. The accompanying charts shpw how recovery from the given 
illness produces a rise in total proteins, a separation of the albumin 
and globulin curves or a fall of the nonproteins. . It is suggested that 
these phenomena might be used to help determine prognosis and the 
duration of treatment. 



KINS ELL A— S TREE TOCOCCUS EN DOC A RDITIS 


377 


ism, A 148, changed ; it fermented inulin and salicin when first isolated 
and twelve months later fermented only raffinose on three different 
trials. The later reading is indicated in the table. This change in fer- 
mentation reaction does not remove it from the salivarius group. 
According to this table, there are two members of the fecalis group, 
the remainder being members of the salivarius group. 

b. Complement Fixations : A rabbit was immunized to each strain, 
except A 32, which was lost; an antigen, however, was made of some 
dried sediment of A 32 and tested against a few of the immune serums. 
Five out of the eleven rabbits’ serums were tested before immuniza- 
tion and gave no fixation with any of the eleven antigens. 

The relations of the streptococci are given in Table 5. It will be 
noted that A 26, M B, A 56 and A 32, which are indifferent in their 
action on blood cells, fall (as far as the limited tests on A 32 can be 
of value) more or less into a common group. Moreover, A 26 and 
A 56 are the mannite fermenters. The raffinose fermenters are fixed, 
variously, by serums of animals immunized by members of the other 
groups. There is no obvious relationship between the grouping made 
on the basis of fermentation reactions and that on the basis of com- 
plement fixation reactions. Viewed from the standpoint of comple- 
ment fixation reactions alone, it will be seen that the strains arrange 
themselves in two general groups — A 26, M B, A 56. A 32; and R, 
X K, A 30, B 29 and 0 ; with members A 148 and B 4 forming strong 
bonds between. Yet the members in the upper and lower portions of 
the chart can be said to be independent. 

c. The serums of the same rabbits, of the same or nearly the same 
dates, were used in the agglutination reactions as were employed in 
the complement fixation reactions. It soon became apparent that 
agglutination was confined to a narrower zone than complement fixa- 
tion and was more likely to be restricted to homologous serums and 
bacteria. It will be seen that the only discrepancy is in the case of 
streptococcus R, which is agglutinated by serum B 4, whereas it is 
fixed only by its homologous serum; and it will be further noticed that 
serum R agglutinates streptococcus B 4, but does not give fixation 
with B 4. Accordingly the boundary line established by the agglutina- 
tion reaction is probably the more correct in this case. 

COMMENT 

A resume of the various studies in classification shows that the 
organisms all fall definitely into the nonhemolytic streptococcus group. 
According to their action on red blood cells they fall into two sub- 
groups, namely, green producers, so-called viridans, and indifferent 
strains, so-called saprophiticus. The last-named strains all gave a 
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Later investigators failed to demonstrate bacteria in the lesions of 
verrucous endocarditis. Hamburger 0 examined ten such cases with 
negative results and Weichselbaum 7 questioned whether verrucous 
endocarditis was due to microbic invasion. This view received further 
support from Wyssokowitch 8 and Orth . 9 

Additional interest was lent to the discussion by the experimental 
production of acute endocarditis by previously puncturing the aortic 
leaflets according to a method devised by Rosenbach . 10 Wyssokowitch 8 
was able to infect the injured valve by injecting pyogenic streptococci. 
Ribbert 11 produced acute endocarditis merely by injecting a suspension 
of staphylococci and fine particles of potato intravenously. Many 
reports of the production of endocarditis by injecting cultures of strep- 
eococci have been subsequently published. 

As the facts then stood, there were two general types of endocar- 
ditis, namely, those associated with bacteria and those in which no 
direct connection with bacteria could be proved. The introduction of 
blood culture methods was responsible for separating the bacterial 
group into acute and chronic cases. Of the early reports, that of 
Ktihnau 12 is noteworthy, in that sixty-six cases of rheumatism, many 
of which were accompanied by endocarditis, gave negative cultures, 
the finding of sarcinae, staphylococci and hay bacilli being discounted. 

It soon became evident that among those cases of endocarditis 
which gave definitely positive blood cultures a certain group could be 
distinguished because of their subacute or chronic character. These 
'cases most frequently yielded streptococci from blood cultures. This 
was noted by Harbitz . 13 Later Horder 1 ' 1 very accurately described 
cases of acute and chronic infectious* endocarditis of which seventeen 
were subacute and chronic and yielded blood cultures of “saprophytic 
streptococci.” Osier at the same time pointed out the importance of 
the latter group. In the following year Schottmuller 15 individualized 
this type of endocarditis with the name “endocarditis lenta,” a disease 
of slow, insidious onset, definite bacteriology and symptoms of injured 
heart valves with bacteriemia. The five cases which he described 
were caused by streptococci of the green-producing variety. In the 


6. Hamburger: Ueber akute Endocarditis in ihrer Beziehung zu Baktenen, 
Berlin, 1879, cited by Wyssokowitch (Footnote 8). 

7. Weichselbaum : Centralbl. f. Bakteriol., 1887, 2, 209. 

8. Wyssokowitch, W. : Virchows Arch. f. path. Anat., ^1886, 103, 301. 

9. Orth, J. : Virchows Arch. f. path. Anat., 1886, 103, 333. 

10. Rosenbach, O.: Arch. f. exper. Path, u. Pharmakol., 1878, 0, b c 
by Wyssokowitch (Footnote 8). 

7 11'. Ribbert: Deutsch. med. Wchnschr., 1885, 11, 717. 

12. Kuhnau, W. : Ztschr. f. Hyg. u. Infectionskrankh., 1897, 25, 

13. Harbitz, F. : Deutsch. med. Wchnschr., 1899, 25, 121. 

14. Horder, T. J.: Quart. Jour. Med., 1908-1909, 2, 289. 

15. Schottmuller, H. : Miinchen. med. Wchnschr., 1910, 57, 01/. 
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granular precipitate in broth and fell roughly into one group by cross 
fixation reactions. Cross agglutinations among members of this group, 
as well as among the other strains, are generally lacking, the only 
exceptions being noted in strains A 148 and B 4. On the other hand, 
cross complement fixation permits a rough classification into two larger 
groups, with the two strains A 148 and B 4 as connecting links. 
Strains M B and A 56 seem to be closely related by means of immune 
bodies, as do B 29 and 0. Each of these three pairs is composed of 
members that have different fermentation reactions, indicating that 
immune and biochemic characteristics may be quite distinct. Further- 
more, grouping according to fermentation reactions does not corre- 
spond to differences in effect on red blood cells. 

In practically every way, the various organisms appear to be dis- 
tinct from one another. This fact emphasizes the futility of a. general 
or shot gun serum therapy or vaccination. If specific immune therapy 
is to be of avail, it must be induced by means of the homologous 
organism. The demonstration of immune bodies in the serum of 
patients seems to indicate that the patient is making an effort to 
combat the infection. It was thought that a third factor, such as com- 
plement, might be lacking in this disease and that transfusion of nor- 
mal blood might supply this missing substance. That the hypothesis 
was not correct seems to be indicated by the failure to obtain any 
diminution of bacteriemia following transfusion unaccompanied by 
febrile reaction, and the fact that temporary diminution in bacteriemia 
occurred when febrile reactions were induced by either transfusion or 
injections of impure saline. These results are of striking interest in 
view of the recent -ideas concerning nonspecific factors in the treat- 
ment of infections as expounded by Jobling and Petersen 27 and Miller 
and Lusk. 28 Our results show conclusively that the nonspecific febrile 
reaction was followed by a temporary increase in antibacterial power 
in the blood. The various factors concerned in the increase have not 
been determined. 

CONCLUSIONS- 1 

1. Subacute streptococcus endocarditis is a disease of definite bac- 
teriology, each case yielding a constant individual type of organism. 

2. The streptococci belong to the saprophytic types according to 
Andrewes and Horder’s classification and are of low virulence. 

3. They are nonhemolytic and may or may not be green producers. 

4. Biochemic and immunologic tests fail to show any constant 
identity between the individual streptococci concerned in producing 
this disease. 

27. Jobling, J. W., and Petersen, W. : Jour. Am. Med. Assn.. 1916, 66, 1753. 

28. Miller, J. L., and Lusk, F. B.: Jour. Am. Med. Assn., 1916, 66, 1756. 
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The leukocytes varied' from 10,000 to 15,000, the temperature from 99 to 100 
Streptococcus A 4 was isolated repeatedly from blood cultures during life and 
from the blood and spleen postmortem. Six months before death there were 
sixteen colonies per cubic centimeter and a few days before death 165. The 
duration was thirteen months. " 

Case 2.— T. O., a carpenter, aged 34, gave a history of chorea, “malaria” and 
gonorrhea, but not of rheumatism. The onset of the present illness was gradual 
with weakness, fever, chills and signs of aortic and mitral regurgitation He 
was under observation only twelve days -before death. The same strepto- 
coccus O was recovered in pure culture three times. The total duration was 
about two months. 


, Case 3.— C. S., a Iaundryman, aged 42, had sinus infection several months 
before admission. The onset of liis present illness was gradual, with weakness. 
The features were_ purpuric eruption, necrotic area on the feet and lower legs 
and terminal hemiplegia. There were signs of marked aortic regurgitation. 
The leukocytes numbered from 25,000 to 35,000. The Wassermann reaction was 
negative. The temperature ranged from 99 to 103. -Streptococcus A 30 was 
recovered repeatedly. There were forty-three colonies per cubic centimeter. 
The duration of the illness was about four months. 


Case 4.— M. S., a married woman, aged 31, gave a history of “inflammatory 
rheumatism” at the age of 15 and again at 25. The onset of this illness was 
slow, with “muscular rheumatism.” After seven weeks she began to have fever, 
joint pains and palpitation. She was in bed six weeks longer. She entered the 
hospital with signs of marked mitral insufficiency, tenderness in the small joints 
of the hand, leukocytosis of from 12,000 to 16,000, and temperature of from 
101 to 104. Streptococcus XK was isolated three times during three weeks, 
at the end of which time the patient died of cerebral embolism. The total 
duration of the illness was about four months. 


.Case 5. — M. H., a single woman, aged 36, gave a history of scarlatina, 
diphtheria and frequent sore throat in childhood. She had acute articular 
rheumatism at 21, accompanied by “heart trouble.” There had been dyspnea 
for the previous four years. The onset of this illness was gradual, with joint 
pains, chills, weakness and palpitation. The clinical features were petechiae, 
enlarged spleen and signs of aortic obstruction and regurgitation and mitral 
regurgitation. The Wassermann reaction was negative. The leukocytes varied 
from 6,000 to 15,000, and the temperature from 101 to 104. Streptococcus B 29 
was isolated repeatedly during life, 175 colonies per cubic centimeter, and in 


pure culture from the aortic vegetations postmortem. 

Case 6. — M. R., a junk dealer, aged 46, gave no history of previous infections 
of any kind. Rheumatism was denied. The onset of his illness was very 
insidious, with weakness, fever and occasional sweat. Examination revea e 
signs of aortic insufficiency. Later there were petechiae. The leukocytes vane 
from 12,000 to 15,000, the temperature from 100 to 102. The Wassermann 
reaction was negative. Streptococcus “R” was isolated four times ov ^ 
period of two months. The patient died of cerebral embolism, me t 
duration of the illness was about three months. 

Case 7.— F. M., a married woman, aged 22, had measles in childhood, chorea 
at 6, diphtheria at 12, and rheumatism at 12. She had had palpitation from 
age of 7. She was said to have had “aortic regurgitation” for years, 
onset of this illness occurred with headache, weakness and gastro-m 
disturbance. The clinical features were pain in the left shoulder and s g 
aortic and mitral insufficiency. The leukocytes numbered 7,000, ana me 
perature varied from 101 to 103. The Wassermann reaction was n g v 
Streptococcus A 148, 170 colonies per cubic centimeter, was recovere was 

during life and from the blood after death. The duration o ie 
about two and a half months. 
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BACTERIOLOGIC STUDIES IN ACUTE 
RHEUMATIC FEVER * 

HOMER F. SWIFT, M.D., and RALPH A. KINSELLA, M.D. 

NEW YORK 

The present study was undertaken to determine whether any con- 
stant cultural or immunologic type of bacterium was associated with 
acute rheumatic fever. This disease presents a fairly typical clinical 
picture, consisting of an acute febrile condition, associated with poly- 
arthritis, and a tendency to involvement of such serous surfaces as 
the endocardium, pericardium and pleura. Muscular tissues are also 
frequently involved, most noticeably the myocardium, in which a 
peculiar pathologic picture is commonly found in fatal cases. Certain 
symptoms of the disease, namely, the fever and polyarthritis, respond 
in a fairly characteristic manner to the administration of the salicylates 
in sufficient doses. It does not seem unreasonable, therefore, to sup- 
pose that the disease may be the result of the action of some definite 
pathogenic micro-organism. 

The early contention of Achalme 1 that the disease was due to a 
gram-negative anaerobic bacillus has been disproved. The next view 
was that of Singer , 2 who claimed that the disease was an attenuated 
pyemia, due most frequently to the streptococci, but also to the staphy- 
lococci and other pyogenic organisms. Singer’s contentions were 
based on bacteriologic studies of postmortem material and the isola- 
tion of pyogenic cocci from the urine. The sources of error connected 
with such studies are even more obvious today than they were to 
his opponents at that time. The extensive studies of Westphal, 
Wassermann and MalkofP with a streptococcus which they isolated 
in a case of rheumatic fever, chorea and hyperpyrexia proved that a 
nonsuppurative polyarthritis could be produced in rabbits by a strep- 
tococcus. These authors attributed an etiologic role to the organism 
which they studied. Meyer 1 made cultures from the throats of acute 
rheumatic fever patients directly into broth. The injection of this 

* Submitted for publication Sept. 19, 1916. 

* From the Medical Clinic, Presbyterian Hospital, Columbia University and 
the Rockefeller Institute Hospital, New York. 

1. Achalme, P. : Compt. rend. Soc. de biol., 1891, Ninth Series, 3, 651. 

2. Singer, G. : Aetologie u. Ivlinik d. acuten Gelenkrheumatismus, Vienna and 
Leipzig, 1898. 

3. Westphal, Wassermann and MalkofF: Berl. klin. Wchnschr., 3899, 
36 , 638. 

4. Meyer, Fr. : Verhandl. d. 39 Cong. f. inn. Med., 1901, p. 542. 
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melted ascitic dextrose agar and allowed- to harden before incubating. 
For the purpose of noting the effect of transfusion on the number of 
colonies per cubic centimeter plates were poured with a definite 
amount of blood just before and at intervals, after the transfusion. 

2. For the purpose of demonstrating antibodies in the serums of 
patients or animals, agglutination reactions, “thread” reactions, and 
complement fixation reactions were done as follows: 

a. Agglutination Reactions : Dilutions of serum were made in tubes 
containing 0.5 c.c. dextrose broth, so that the first tube contained 
0.1 c.c. of serum, the second 0.05 c.c., the third 0.025 c.c., etc. To 
each tube 0.5 c.c. of dextrose broth culture was added. The mixtures 
were placed in the water bath at 37 C. for two hours and readings 
were made after the tubes had remained on ice over night. 

b. “Thread” reactions were done by making dilutions of serum in 

tubes containing 1 c.c. dextrose broth so that the first tube contained 
0.1 c.c. of serum; the second 0.01 c.c., the third 0.001 c.c., etc. The 
tubes were then inoculated with a drop of actiye dextrose broth cul- 
ture and allowed to incubate for twelve hours. When the reaction was 
positive, the growth was restricted to an agglutinated pellicle in the 
bottom of the tube. Tubes containing normal serum were used as 
controls. The “thread reaction” was originally employed by 
Pfaundler 22 for testing the agglutinin content of antityphoid .serums 
and has been further developed by Mandelbaum, 23 Gaehtgens and 
Kamm 24 and Dennemark. 25 / 

c. Complement Fixation Reactions : Two units of complement and 
antisheep hemolytic amboceptor were used with 0.5 c.c. of 5 per cent, 
saline suspension of sheep cells, 0.1 c.c. of patient’s serum, 0.1 c.c. anti- 
gen and saline enough to make the final volume 2.5 c.c. The antigen 
was prepared as follows : The washed sediment, of 125 c.c. of a 
twenty-four-hour broth culture was emulsified in 5 c.c. saline and 
precipitated by the addition of 5 c.c. absolute alcohol. After centrifu- 
galization the supernatant fluid was discarded and the precipitate 
dried in vacuo, ground and weighed. Ten mg. were dissolved in 5 c.c. 
of 2 per cent, antiformin at 56 C. and neutralized with normal sul- 
phuric acid, litmus paper being used as an indicator. The free chlonn 
was liberated by adding one or two drops of 5 per cent, sodium thio- 
sulphate solution, the end result being tested with potassium iodi 
starch paper. The solution .was then made up to 10 c.c. with car 
bolized saline so that 1 c.c. contained 1 mg. of dried piecipitate 
bacteria. 


22. Pfaundler, M. : Centralbl. f. Bakteriol., 1898, 23, 131. 

23. Mandelbaum, M.: Munchen. med. Wchnschr., 1910, 5 \ 178 ' 

24. Gaehtgens, W., and Kamm, W.: Munchen. med. Wchnschr., im 

25. Dennemark : Centralbl. f. Bakteriol., 1911, 58, 354. 


57, 1389. 
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In 1900 Poynton and Paine 0 gave the specific name “Diplococcus 
rheumaticus ” to a diplostreptococcus which they isolated from four 
pericardial exudates, two blood cultures, two valve lesions and one 
angina, all from patients with acute rheumatic fever. Because they 
could demonstrate microscopically these organisms in rheumatic 
lesions, and produce similar lesions in experimental animals with pure 
cultures, they felt justified in applying a specific name to them. So 
thoroughly imbued are these authors with the specific nature of their 
.diplococcus that they 10 apply the adjectives “rheumatic malignant” 
to the disease condition usually recognized as subacute streptococcus 
endocarditis. This they do because of the similarity of the micrococci 
associated with the two conditions. It is thus evident that their 
Diplococcus rheumaticus is similar to the Streptococcus viridans or 
mitis. Their cultural studies show that their organism is a diplo- 
streptococcus giving a brownish color on blood agar plates, a turbidity 
in broth, and is gram-positive, though giving up the Gram stain more 
readily than do other gram-positive bacteria. The only point of dif- 
ference from the ordinary Streptococcus viridans is in the size of the 
individual cocci, which they give as 0.5 microns. It is probable that 
the organisms measured by them were unusually small, such as are 
not infrequently encountered. 

Another view of the role of streptococci in acute rheumatism is 
that of Rosenow 11 that the streptococci are constantly undergoing 
changes, assuming and discarding elective affinities for specific struc- 
tures. It will be seen that this is the direct antithesis of Menzer’s 
opinion, which places the onus on the patient’s susceptibility to infec- 
tion with mouth streptococci. This incomplete review of the literature 
gives a fair idea of the various opinions of the relation of streptococci 
to acute rheumatic fever. 

While none of the classifications of- streptococci are absolutely 
satisfactory, that proposed by Schottmiiller 12 is almost universally 
accepted. In it we have hemolytic and nonhemolytic forms and, under 
the last group, those which form methemoglobin from the hemoglobin 
— the so-called viridans — and those which do not affect the hemoglobin, 
called anhemolyticus or saprophyticus by Le Blanc. 13 

A more extensive classification has been made by Andrewes and 
Horder, 14 based on the fermentation reactions of the streptococci. 

9. Poynton, F. J., and Paine, A.: Complete works collected in Researches on 
Rheumatism, London, 1913, p. 109. 

10. Poynton, F. J., and Paine, A. : Complete works collected in Researches on 
Rheumatism, 1913, p. 312. 

11. Rosenow. E. C. : Jour. Am. Med, Assn., 1915, 65, 16S7. 

12. Schottmiiller, H. : Muuchen. med. Wchnschr., 1903, 50, S49. 

13. Le Blanc: Centralbl. f. BakterioL Orig., 1911, 61, OS. 

14. Andrewes, F. W., and Horder, T. J. : Lancet, London, 1900. 2, 7u8. 775, 852. 
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was prepared was not freshly distilled. It was later shown that the 
severe reactions following transfusions could be largely eliminated by 
the use of freshly prepared saline. In Cases 1 and 10 the transfusions 
with accompanying febrile reactions were followed by complete sterili- 
zation of the blood for twenty-four hours. In Case 11 transfusion with 
defibrinated blood on three different occasions was unattended by 
■ febrile or other unpleasant reactions and the bacteriemia was not 
affected. In Case 12 the two facts illustrated by the three previous 
investigations was confirmed, but the additional evidence was brought 
forward that the injection of 300 c.c. of impure saline was followed by 
a severe febrile reaction. This resulted in as marked temporary reduc- 
tion in the degree of bacteriemia as followed the injection of blood 


• TABLE 1. — Effect of Transfusions on Bx^cteriemia ' 


; 

Case 

No. 

Strepto- 

coccus 

Transfusion 

with 

Febrile 

Reaction 

Colonies per Cubic Centimeter 

Before 

At Time 
of Reac- 
tion 

24 

Hours 

43 

Hours 

_ .1 

72 

Hours 

1 

A -1 

Whole blood, Linde- 

Severe 

8 


0 

; 

9 


| 

inann method 






i 



Whole blood, Linde- 

Severe 

25 


0 

.... 1 

34 

. 


mann method 


( 



1 

1 


10 

A 26 

Whole blood, Linde- 

Moderate 

17 


0 

.... ! s 



mann method 






11 

A 56 

Defebrinated blood 

None 

135 

» • • f ■* 

135 




Defebrinated blood 

None 

105 


123 




Defebrinated blood 

None 

165 

165 


; 

12 

A 32 

Whole blood 

Severe 

1,200 

soo 

15 

i 

f 



Defebrinated blood 

None 

1,200 


920 

.... | 1,500 

! 


300 c.c. saline 

Severe 

750 

to 





and saline. It seems evident, therefore, that the reduction in bacteiial 
count is due to the reaction on the part of the patient and not to the 
introduction of complementary substances or antibodies in the donoi s 
blood. 

2. Immune Bodies in Patient’s Serum (Table 2) : The serum of 
each patient was tested with one or two of the immune reactions as 
shown in Table 2. The organisms A 56 and A 32 grew in an aggluti- 
nated mass so that the agglutination or thread reaction could not 
applied to the serum in Cases 11 and 12. 

It will be seen that all the serums contained antibodies against the 
homologous organisms. This is most markedly exemplified . in . 
thread reaction, in which the tendency to grow in clumps in dilu.ion 
of immune serum ,was most striking. 
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the organisms from joint fluid by mixing the fluid in deep tubes of 
ascites dextrose agar, and from the blood by placing the sediment 
of centrifugalized laked blood in a similar medium. In this way 
streptococci were obtained from the joint fluid of fourteen out of 
sixteen patients; from the blood in three out of four. 

We have studied the type of streptococci which we have been able 
to isolate from the blood of patients with acute rheumatic fever. In 
all fifty-eight cases have been studied. Nine were studied at the 
Hospital of the Rockefeller Institute three years ago and the remainder 
have been, from the wards of the Presbyterian Hospital during the 
past two years. All were typical cases, showing fever and poly- 
arthritis, and responded in the characteristic manner to salicylates. 
Blood cultures were made shortly after the admission of the patients 
to the hospital and before salicylates had been administered; also 
afterward at such times as complications or relapses appeared. The 
cultures were made from a few hours to several days after the appear- 
ance of the arthritis. The cultures of joint fluids were made at the 
same time, but in many of the cases it was difficult to obtain fluid 
from the affected joints. For this reason there were fewer cultures 
of joint exudates. The joints aspirated were knee, ankle, elbow 
and wrist. 

Cultural Methods: In every case blood cultures were made as 
follows: (1) of from 2 to 3 c.c. of blood in dextrose agar plates; 
(2) by placing from 5 to 10 c.c. of blood in 125 c.c. of 1 per cent, 
dextrose broth; (3) by laking 5 c.c. of blood in 50 c.c. of sterile 
distilled water, centrifugalizing and placing the sediment in deep 
tubes of ascites dextrose agar. The cultures were usually made in 
duplicate. In addition, in many instances, laked sediment was placed 
on the surface of blood agar slants and in ascites dextrose broth. 

In making cultures of joint fluid, deep tubes of ascites dextrose 
agar were mixed with increasing amounts of the fluid, in most cases 
1, 2, 3, and 4 c.c. of fluid were placed in the different tubes. If there 
was sufficient fluid it was also put into deep tubes of ascitic dextrose 
broth and on the surface of blood agar slants. In this way all degrees 
of oxygen tension were obtained. The results are summarized in 
Table 1. 

Altogether eighty-five blood cultures were made on fifty-eight 
patients with seven positive results, a percentage of S.3. In one 
instance the cultures 59 F and B 3S were obtained from the same 
patient, so that in only six patients were positive cultures obtained. 
With the exception of this case, positive cultures were obtained only 
once in each patient and repetition of the cultures a short time after- 
ward gave negative results. In three instances the cultures were 
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TABLE 3. — Cultural Characteristics 


Case 

No. 

Strepto- 

coccus 

Growth in Blain 
Broth 

Ascitic Dex- 
trose Agar 

‘ 

Bile Solu- 
bility 

Effect 
on Red 
Blood 
Cells 

Lethal Dose for 
White Alice 

1 

A 4 

Turbfd; moderately 
long chain 

Precipitated 

Insoluble 

Green 

Not fatal nt2c.c. 

2 ' 

0 

Turbid; moderately 
long chain 

Precipitated 

Insoluble 

Green 

Not fatal at 2 c.c. 

3 

X K 

Turbid; moderately 
long chain 

Precipitated 

Insoluble 

Green 

Not fatal at 2 c.c. 

4 

A 30 

Turbid; moderately 
long chain 

Precipitated 

Insoluble 

Green. 

Not fatal at 2 c.c. 

2 

B 29 j 

Turbid; moderately 
long chain 

Precipitated 

Insoluble 

Green 

Not fatal at 2 c.c. 

6 

E 

Turbid; moderately 
long chain 

, Precipitated 

Insoluble 

Green 

Not fatal at2e.c. 

7 

A 118 

Turbid; moderately 
long chain 

Precipitated 

Insoluble 

Green 

Not fatal at 2 c.c. 

8 

B 1 

Turbid; moderately 
long chain 

Precipitated 

Insoluble 

Green 

Not fatal at 2 c.c. 

9 

MB 

Granular sediment; 
clumps 

Precipitated 

Insoluble 

Indif- 

ferent 

Not fatal at 2 c.c. 

10 

A 20 

Soft white sedi- 
ment; clumps 

Precipitated 

Insoluble 

Indif- 

ferent 

Not fatal at 2 c.c. 

11 

A 56 

Flocculenfc sedi- 

ment; clumps 

Precipitated 

Insoluble 

Indif- 

ferent 

Not fatal at 2 c.c. 

12 

A 32 

Granular sediment; 
clumps 

Precipitated 

Insoluble 

Indif- 

ferent 

Not fatal at 2 c.c. 


TABLE 4. — Fermentation Reactions * 


Strepto- 

coccus 

Time in 
Months Be- 
tween 1st 
and 2d Test 

Number of 
Generations 
between 1st 
and 2d Test 

Milk 

Raffinose. 

Inulin 

Salicin 

Mannite 

A -1 

18 

10 

+ 

— 

— 

— 

- 

0 

15 

4 

+ 

— 

— 

— 

— ‘ 

XK 

11 

0 

+ 

— 

— 

— 


A 30 

18 

10 

+ 

+ 

- 

‘ — 

' — 

B 29 

3 

3 

+ 

+ 

— 

— 


E 

13 

7 

+ 

4- 

- 

— 


A 148 

14 

5 

4 ] 

+ 

— 

— 


B 4 

8 

2 

+ 

— 

4“ 

+ 


M B 

8 

3 

4 

— 

— 

4 


A 26 

15 

10 

4* 

— 

— 

+ 

+ 

A 56 

15 

8 

4- 

+ 


— 

4 

A 32 

•• 

•• 

± 

— 

— 




* In this table + means aeiil and clot; dr means acid and no clot. The reactions s' 
in the table are those given recently by strain A 148. 
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the organisms from joint fluid by mixing the fluid in deep tubes of 
ascites dextrose agar, and from the blood by placing the sediment 
of centrifugalized laked blood in a similar medium. In this way 
streptococci were obtained from the joint fluid of fourteen out of 
sixteen patients; from the blood in three out of four. 

We have studied the type of streptococci which we have been able 
to isolate from the blood of patients with acute rheumatic fever. In 
all fifty-eight cases have been studied. Nine were studied at the 
Hospital of the Rockefeller Institute three years ago and the remainder 
have been, from the wards of the Presbyterian Plospital during the 
past two years. All were typical cases, showing fever and poly- 
arthritis, and responded in the characteristic manner to salicylates. 
Blood cultures were made shortly after the admission of the patients 
to the hospital and before salicylates had been administered; also 
afterward at such times as complications or relapses appeared. The 
cultureS'Were made from a few hours to several days after the appear- 
ance of the arthritis. The cultures of joint fluids were made at the 
same time, but in many of the cases it was difficult to obtain fluid 
from the affected joints. For this reason there were fewer cultures 
of joint exudates. The joints aspirated were knee, ankle, elbow 
and wrist. 

Cultural Methods: In every case blood cultures were made as 
follows: (1) of from 2 to 3 c.c. of blood in dextrose agar plates; 
(2) by placing from 5 to 10 c.c. of blood in 125' c.c. of 1 per cent, 
dextrose broth; (3) by laking 5 c.c. of blood in 50 c.c. of sterile 
distilled water, centrifugalizing and placing the sediment in deep 
tubes of ascites dextrose agar. The cultures were usually made in 
duplicate. In addition, in many instances, laked sediment was placed 
on the surface of blood agar slants and in ascites dextrose broth. 

In making cultures of joint fluid, deep tubes of ascites dextrose 
agar were mixed with increasing amounts of the fluid, in most cases 
1, 2, 3, and 4 c.c. of fluid were placed in the different tubes. If there 
was sufficient fluid it was also put into deep tubes of ascitic dextrose 
broth and on the surface of blood agar slants. In this way all degrees 
of oxygen tension were obtained. The results are summarized in 
Table 1. 

Altogether eighty-five blood cultures were made on fifty-eight 
patients with seven positive results, a percentage of 8.3. In one 
instance the cultures 59 F and B 38 were obtained from the same 
patient, so that in only six. patients were positive cultures obtained. 
With the exception of this case, positive cultures were obtained only 
once in each patient and repetition of the cultures a short time after- 
ward gave negative results. In three instances the cultures were 
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TABLE 5. — Complement Fixation Reactions* 



A 4 

i 

A 2(5 ! 

AI B 

A 56 

A 32 

Alls 

B 4 

R ! 

XK 

A 30 

B 20 

0 

A 4 

1 

i + 

— 

— 


0 

— 

’ 

— 1 



— 1 

j 


A 20 

j *r i 

U. 1 

+ 

— 


— 

— 

— 

- 


- 

- 

MB 


± 

+ 

+ 


+ 

O- 

- 

— 

_ 

— 

— 

A 56 j 

— 

± 

+ 1 

+ 


+ 1 

+ 

— 


— l 

| 

— 

A 32 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

A 14S | 

— 

— 

1 

- 

0 

+ 

“f* i 

— 

- 

— 

— 

— 

* * 1 

— 

— 


— 

0 

± ' 

*f 

— 


- 


- 

1 

— 

- 

— 

— 

0 

— 


+ 

- 

— 

— 

- 

X K 

— 

— 


- 

0 

+ 

+ 

+ 

+ 

- 


- 

A 30 

- 

— 

— 

— 

0 

± 

± : 

— 

- 

± 

± 

- 

B 20 

— 

— 

' - 

— 

0 

- 

_ i 

-f 

- 

+ 

+ 

± 

o i 

— 

- 

- 

— 

0 


i 

+ 

- 

+ 

+ 

+ 


* Iu this table -r indicates reactions of practically the same strength with homologous 
' and heterologous antigens: -± indicates that reactions were only weakly positive: — indicates 
negative reactions; and o indicates reactions not done. 


TABLE 6.— Agglutination Reactions* 


Rabbit Serums 
Immune to 
Streptococcus 

1 A 4 

! A 2G MB 

A 50 

i A 32 

t ' 

» 

A 148 j B 4 

1 

j R 

XK 

A 30 

B 29 

0 

A 4 

1 

.1+++ 
i - 



i 0 



_ 

_ 

.. 



! 

A 26 

i 

, ++ 1 — 

_ 

i 0 

_ 

_ 


__ > 



— 



j 

+ + ’ 


! 

i 



| 





MB 

t 

— : ++ 

, + 

4" 

i 0 

— 

— 

1 _ 

" 

— 

— 

i _ 

i 



. 

4-4- 

! o 

. 







— 

— : 

i — 


' i ; 

1 

4- 







! 

A 32 

0 ! 

0 ; 0 

; 0 

0 

0 

0 

0 

0 

0 



A 14S 




0 

+ -T 

++ 

— 

— 

i ~ 

: 

— 

B 4 




i 

i 0 

4- 4- 

4- 4- 

+ + 

— 



— 



' 




++ 

4~ 





R 

\ 

_ ' _ 

\ 

0 



++ * 

++ 

— 

— 


— 


’] 



1 


+ 

4- 





X K 

. — 


i 

1 0 

— 

4-4* 

— 

+ + 

— 

~ 

— 

A SO 

1 

• ■ i 

— i — 

s 



) 

0 

+++ 

++ 

+ 

++ 

— 

+ + + 



B 20 

i j 

J 

| i 

0 

— 

— 

— 

— 

— 

+ + T 

— - 


} 

■■■ — i 



0 

— 

— 

__ 

— 

— 


— 


- In this table the plus signs indicate the intensity of taction; Z^h^'cerum^aad *0 
reaction of some degree of agglutination, as given with normal rahbit ~e 
indicates reaction not done. 
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sterile, but the “rheumatic” nature of the condition was demonstrated 
a year later at necropsy. In addition, three cases of acute rheumatic 
pericarditis and two of endocarditis gave sterile blood cultures during 
the acute period of the disease. The aspirated pericardial fluid from 
one of the pericarditis patients also yielded negative cultures. 

Necropsies: The difficulty of obtaining a pure culture at necropsy 
is almost insurmountable and hence the results of necropsy cultures 
are inconclusive. Six fatal cases have been studied. Three of these 
patients had acute pericarditis and acute endocarditis, two acute endo- 
carditis and one chorea and endocarditis with terminal pneumonia. 


TABLE 2. — Resume of Positive Cultures 


Number 

Day of Disease after 
Onset of 

Mediums in Which Positive 
Cultures Grew* 

Joint 

Cultures 

Arthritis 

Pericarditis 

A 65 | 

4th 

0 

Laked sediment in ascites dextrose 

Sterile 




agar tube only 


A 135 | 

11th 

0 

All mediums 

Sterile 

B 30 | 

4th 

0 

1 

! 

1 Two broth flasks, no others made 

Not made 

59 P j 

' 1st attack 9th 

’ 1st 

One broth flask only 

Not made 

B 38 1 

, 2d attack 2d 

.... 

All mediums; 100 colonies per c.c 

Sterile 


12th 


Sterile 


38 D 






loth 

1st 

Laked sediment in ascitic broth only... . 

Sterile 


if 14th 


Sterile 


A 49 

A 





{ 19th 

1st 

Colonies in only 1 dextrose blood agar 

Not made 




plate 


A 119 

Indeterminate 

Previous 

Colonies in only 1 dextrose blood agar 

Not made 


2d day of feb- 

attack 

plate 



rile attack 




A 141 

Indeterminate 

Previous 

Laked sediment in 1 ascitic dextrose 

Not made 


during pleu- 

attack 

agar tube only 



nsy 




A 179 

j Xecropsy 

V-k. mo. 

Blood agar plates 



* Positive cultures developed in all mediums in two cases; laked sediment in deep ascitic 
dextrose agar tubes only, in two cases; laked sediment in ascitic broth only, ono case; blood 
broth flask only, one case; both blood broth flasks, one case; dextrose blood agar plates 
only, two cases. 

From the vegetations of one of the endocarditis cases streptococci 
were grown in pure culture and from the other a mixed culture of 
staphylococci and diphtheroid bacilli. From the heart’s blood of the 
chorea and endocarditis- patient, a Group 4 pneumococcus was 
obtained. In the cases of pericarditis and endocarditis the cultures 
from endocardial lesions in one case yielded a staphylococcus and a 
green-forming streptococcus which fermented raffinose. From the. 
second case, in which the heart was opened under rigid precaution 
after removal from the necropsy room, three types of cocci were 
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5. The patients’ blood serums contain agglutinating and comple- 
ment fixing antibodies. 

6. The reduction in the bacteriemia following transfusion with 
blood and impure saline depends on febrile reactions on the part of 
the patient. If such reactions do not occur, as when saline-free trans- 
fusions are used, no reduction in bacteriemia results. No noticeable 
benefit accrues in either case. 
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The fermentation reactions were studied with milk, raffihose, inulin, 
salicin and mannite in Hiss serum water mediums. These mediums 
were heavily inoculated with an actively growing twenty-four-hour 
broth culture, and observed over a period of ten days. The fermen- 
tation reactions were studied at the time of isolation of the culture, 
and again in June, 1916. None of this series underwent any change 
during the interval. All the strains produced acid and clot in milk. 
Five of the strains did not ferment any of the test objects. The other 
five showed individual fermentative capacity, no two falling into the 
same group. Only one was a mannite fermenter, thus placing only 
one of our series in the fecalis group. 

The virulence was tested by injecting 2 c.c. 1 c.c. and 0.1 c.c. of 
a twenty-four-hour plain broth culture intraperitoneally into white 
mice. The lethal dose of three of the strains was 0.1 c.c., of one it 
was 1 c.c., of two it was 2 c.c., and four were not fatal in 2 c.c. 
quantities. Only in the point of virulence have organisms in this 
group Shown peculiarities. Compared with green-producing strepto- 
cocci from normal mouths or from patients with subacute bacterial 
endocarditis most of these strains have been distinctly virulent, 
although compared with hemolytic streptococci or pneumococci, their 
virulence is low. On cultivation the original virulence has been fairly 
well maintained, and repeated passage through mice has failed to 
increase the virulence to any appreciable degree. 

Immunologic Classification . — In addition to a study of the cultural 
characteristics, an attempt has been made to determine whether there 
was any immunologic grouping. Fpr this purpose the complement 
fixation reaction has been used, employing antiformin solutions of the 
various streptococci as antigens. The exact method is fully described 
elsewhere. 20 Rabbits were injected intravenously with killed strepto- 
cocci until their serum gave good fixation with its homologous antigen. 
It was then tested for its complement fixing power against antigens 
prepared from all the streptococci. The results are summarized in 
Table 4. 

It will be seen that no single group exists. One member, A 65, is 
not related to any of the others. Among the remaining strains roughly 
three groups can be ma,de out. The first consists of three strains, 
B 38, A 179 and B 39; the second of 59 F and A 49, which appear to be 
almost identical; and a third, which consists of A 141, A 119 and 38 D. 
The first and second groups are connected by serum A 141, which 
also fixes antigen A 135. Comparing the individual strains, however, 


20. Kinsella, R. A., and Swift, H. F. : A Classification of Nonhemolytic 
Streptococci. To be published. 
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mixed culture into rabbits was followed by a nonsuppurative arthritis ; 
10 per cent, of the animals had pericarditis or pleurisy and one fourth 
.of the animals showed a verrucous endocarditis. From all of these 
lesions a diplostreptococcus which clouded broth could be isolated. 
The joint exudates soon became sterile and the animal recovered 
without permanent injury to the joint. Because cultures from normal 
throats, or from the angina of other disease, produced either suppura- 
tive arthritis, fatal septicemia, or no lesions at all, Meyer ascribed a 
specific etiologic role to these streptococci. 

Menzer, 5 - while confirming Meyer’s results with streptococci from 
rheumatic angina, on the other hand' was able to produce a similar 
arthritis and endocarditis with cultures from nonrheumatic or normal 
tonsils. He was unable to determine any colony, cultural or staining 
peculiarities in the streptococci from the tonsils of rheumatic patients 
compared with those from the tonsils of normal or nonrheumatic 
persons. Fie therefore concluded that “acute articular rheumatism 
is a peculiar clinical picture, not because there is a specific etiologic 
agent, but because the patient under certain inherited or acquired, 
conditions and under acute or chronic influences reacts to the infec- 
tion with common micro-organisms, apparently the organism found in 
the mouth, in a specific manner with manifestations which appear 
clinically as a specific illness.” 

Unfortunately, in none of these studies was any attention given 
to the hemolytic properties of the streptococci, so it is impossible to 
correlate absolutely the results with those of later workers. The 
evidence brought forward by Cole 0 and by Harris 7 to show that any 
streptococcus may produce destructive lesions of the joints likewise 
does not clear up this point, because the organisms studied were not 
divided into hemolytic and nonhemolytic forms. From our own 
studies and a review of the literature it is evident that the hemolytic 
forms may produce acute suppurative and destructive arthritis, pro- 
vided they are not sufficiently virulent or injected in large enough 
doses to cause a fatal septicemia. 

The work of Cecil 8 in this laboratory, however, conclusively dem- 
.onstrates that destructive lesions of the articular surfaces often follow 
the intravenous injection of Streptococcus viridans into rabbits. The 
character of the exudate in this series was mucoid or mucopurulent 
The exudate in the arthritis produced by hemolytic streptococci is 
frankly purulent. 

5. Mender, A.: Die Aetologie des acuten Gelenkrheumatismus, Berlin, 1902. 

6. Cole, R. : Jour. Infect. Dis., 1904, 1, 714. 

7. Harris, N. : Tr. Chicago Path. Soc., 1905, 6, 303. 

8. Cecil, R. : Jour. Exper. Med., 1916, 24, No. 6. 
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Study of Antibodies in Patients 1 Serum. — After it was shown 21 that 
the serum of patients with subacute streptococcus endocarditis con- 
tained antibodies against homologous strains, it was thought that 
antibodies might be present in the serum of acute rheumatic fever 
patients whose blood yielded a positive culture. Likewise, if a specific 
“Streptococcus rheumaticus 11 existed, the serums of rheumatic fever 
patients might show specific antibodies. These antibodies were tested 
for by means of the thread reaction, a modification of the agglutination 
reaction which has proved more satisfactory with streptococci than the 
ordinary agglutination reaction. The serums of five patients tested 
failed to react to their respective streptococci. The serums of twelve 
other rheumatic fever patients failed to react with any of the four 
strains, A 49, 59 F , 38 D and A 65, a result which is easily explained by 
the individuality of these strains. The failure of serums to react 
with homologous strains is, however, most striking when compared 
with the results obtained in a type of disease such as subacute strepto- 
coccus endocarditis, in which we are certain of the relationship 
between the bacterium and the disease. 

COMMENT 

We do not feel that our results clear up the much-vexed question 
of the relation of the nonhemolytic streptococcus to acute rheumatic 
fever. From a statistical point of view the small percentage of positive 
cultures w.ould incline toward the negative side of the question. Strep- 
tococci are found in the blood of scarlet fever patients with an equal 
frequency, and yet most observers do not believe that the streptococcus 
is the cause of scarlet fever, but rather that this organism acts as a 
secondary invader; and it is conceivable that it may play a similar 
role in acute rheumatic fever. The relatively high frequency with 
which the streptococcus was demonstrated in patients with complica- 
tions such as pericarditis or pleurisy lends support to this opinion. 
Again, the failure to demonstrate constantly the streptococcus in the 
verrucae of acute rheumatic endocarditis is an argument against the 
specific etiologic relationship of this organism. 

On the other hand, a small proportion of positive cultures may 
simply mean that the streptococci circulate in the blood stream only 
for short periods, or are rapidly killed off, so that the methods 
employed are sufficient to demonstrate them only occasionally. Fur- 
thermore, our studies of the cultural and immunologic characteristics 
show that the streptococci which are present in this disease are merely 
various members of the Streptococcus viridans group, and should not 
be separately classified as Streptococcus rheumaticus . Of extremely 


21. Kinsella, R. A.: The Archives Int. Med., this issue, p. 367. 
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These authors recognized types which were associated to a certain 
extent with distribution in nature and pathogenic properties. While 
this classification has not been usually accepted, the study of fermen- 
tative reactions is of value and helps in a general way to place the 
organisms in groups. 

In reviewing the various biochemical studies of streptococci, one 
occasionally meets with the results of studies made on organisms 
which have been isolated from patients with acute rheumatism. In 
trying to correlate these results one is struck with the diversity in 
types reported. Thus Andrewes and Horder 11 report that in the 
necropsies of fatal cases they secured two different main types, namely, 
Streptococcus pyogenes twice and anginosus variants seven times. 
They consider that these organisms may have been agonal invaders, 
because streptococci were only occasionally recovered from fatal cases. 
In testing a streptococcus rheumatictis from Poynton and Paine they 
found it to fall into the salivarius group and a Micrococcus rheumati- 
cus sent by Beattie fell into the fecalis group. Beattie and Yates 15 
report that three different streptococci isolated from the synovial 
membrane of the knee joint of acute rheumatic patients fell into the 
fecalis group. Floyd and Wohlbach 10 found two hemolytic strepto- 
cocci, one, which clotted milk, fermented raffinose and salicin, hence 
fell into the Streptococcus anginosis group; the other did not change 
milk or the test sugars except lactose and fell into the pyogenes group. 
Still another one was nonhemolytic and fermented none of the sugars. 
Hopkins and Lang 17 found one nonhemolytic streptococcus which did 
not ferment any of the test objects. Lyall is reported on five strepto- 
cocci, three isolated from the blood of rheumatics and two from the 
joints. All were indifferent to blood; one did not ferment either 
raffinose, inulin, salicin o'r mannite; one fermented only salicin, and 
three fermented salicin and mannite, which is characteristic of fecalis 
types. This small list proves that no single type of streptococcus has 
been constantly isolated in cases of acute rheumatic fever. Rosenow. 
in reporting on the, etiology of acute rheumatism, states that he was 
able to isolate three different types of organisms from the joint 
exudates. Tested on blood agar plates, they were, first, a green type 
forming long chains ; second, a type giving slight hazy hemolysis about 
the colonies and forming short chains.; all of Type 2 were mannite 
fermenters; third, a type with small grayish colonies indifferent to 
blood. In this paper Rosenow reported on his method of isolating 

15. Beattie, J. M„ and Yates, A. G.: Jour. Path, and Bacterid, 1 911, 16, 247. 

16. Floyd, C., and Wohlbach, S. B.: Jour. Med. Research, 1913, ^ 

17. Hopkins, J. A., and Lang, A.: Jour. Infect. Dis., 1914, 15 , 6J. 

18. Lyall, H. W.: Jour. Med. Research, 1914, 30, 487. 

19. Rosenow, E. C. : Jour. Infect. Dis., 1914, 14 , 61. 
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5. We do not feel that the etiologic relationship between the strep- 
tococcus and acute rheumatic fever has been definitely proved, but if 
the streptococcus is the etiologic agent in acute rheumatic fever, it is 
shown by means of cultural and immunologic studies that it is through 
various members of the viridans group, and hence no one member can 
be called the Streptococcus rheumaticus. 

CASE REPORTS 

A 65. — J. C., a man aged 19, a painter, was admitted to the Presbyterian Hos- 
pital Jan. 8, 1915, and discharged February 7. On January 9, herniotomy was 
performed. The temperature was normal four days and then it ranged between 
99 and 103 for seven days. On the 19th blood cultures made in broth flasks were 
sterile. On the 25th the patient suffered pain in both ankles and the right knee. 
On the 27th there were general malaise and chilly sensations, the joints being 
swollen and tender. Blood culture in broth flasks was sterile. On the 28th blood 
cultures in broth flasks and ascitic dextrose agar plates were sterile. On the 
29th blood cultures were positive for A 65. Cultures were developed only in 
laked sediment in ascitic dextrose agar tube. A culture of fluid from the right 
knee was sterile. On the 31st extension of arthritis to wrist and hands followed. 
Prompt relief was obtained from 100 grains of sodium salicylate per day. On 
February 7 the patient insisted on going home because he felt so well. The 
serum gave no thread reaction with A 65 culture. 

A 135. — O. C., a man aged 26, a tile-layer, was admitted to the Presbyterian 
Hospital April 7, 1915, and discharged on May 11. He had suffered six years 
before with “acute rheumatism,” involving all the joints. He was ill four 
months five years before with a similar attack, his illness lasting one month. 
His present illness began two weeks before with “cold in head and chest.” Eleven 
days before his left knee became swollen, tender and painful; this was followed 
by the involvement of all the joints of the arms and hands and the right knee. 
There was very little general illness. Physical examination revealed pyorrhea. 
There was an abscess at the root of the first right lower molar. The heart was 
not enlarged, but there was a faint murmur at the apex not transmitted and at 
the base. There was general polyarthritis. On April 7 a blood culture proved 
positive for A 135. Growth took place in all mediums. The right knee yielded 
20 c.c. of murky, lemon-colored fluid, the left 15 c.c. of similar fluid. Cultures 
of this fluid were sterile. Fever was absent after three days of salicylates, and 
the joints returned to normal after five days. The patient was discharged with- 
out any complications of the disease. , 3 

B 39. — B. M., a girl, aged 6 years, was admitted to the Presbyterian Hospital 
March 10, 1916, and discharged April 9. The family history showed that the 
mother and one sister had syphilis. The child had had some joint trouble when 
a few weeks old. She had acute rheumatism eighteen months before admission 
and numerous attacks of tonsillitis, the last being one month before. Three 
days before there was pain in both wrists, lasting two days, and one day before 
the ankles became painful and swollen. Physical examination showed the tonsils 
much enlarged, not acutely inflamed. The heart was enlarged to the left and 
downward. There was a systolic murmur at the apex. A diastolic murmur 
was perceptible over the aortic area. Both ankles were hot, tender and swollen. 
On March 11 a blood culture in two flasks showed both positive for B 39. On 
the 14th a blood culture proved sterile. The arthritis cleared up without salicy- 
lates. On April 7 a blood culture was sterile and the general condition was good. 

59 F and B 38. — F. B., a schoolgirl, aged 8 years, was admitted to the Rockefel- 
ler Institute Hospital May 26, 1914, and discharged June 2, 1915. The child was 
‘ suffering with rheumatic fever, acute pericarditis, valvular disturbance and mitral 
insufficiency. She complained of pain over the heart. Two weeks previously 
the mother and one brother of the patient had sore throat, but the patient did 
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These authors recognized types which were associated, to a certain 
extent with distribution in nature and pathogenic properties. While 
this classification has not been usually accepted, the study of fermen- 
tative reactions is of value and helps in a general way to place the 
organisms in groups. 

In reviewing the various biochemical studies of streptococci, one 
occasionally meets with the results of studies made on organisms 
which have been isolated from patients with acute rheumatism. In 
trying to correlate these results one is struck with the diversity in 
types reported. Thus Andrewes and Border 14 report that in the 
necropsies of fatal cases they secured two different main types, namely, 
Streptococcus pyogenes twice and anginosus variants seven times. 
They consider that these organisms may have been agonal invaders, 
because streptococci were only occasionally recovered from fatal cases. 
In testing a streptococcus rheumaticus from Poynton and Paine they 
found it to fall into the salivarius group and a Micrococcus rheumati- 
cus sent by Beattie fell into the fecalis group. Beattie and Yates 15 
report that three different streptococci isolated from the synovial 
membrane of the knee joint of acute rheumatic patients fell into the 
fecalis group. Floyd and Wohlbach 10 found two hemolytic strepto- 
cocci, one, which clotted milk, fermented raffinose and salicin, hence 
fell into the Streptococcus anginosis group; the other did not change 
milk or the test sugars except lactose and fell into the pyogenes group. 
Still another one was nonhemolytic and fermented none of the sugars. 
ITopkins and Lang 17 found one nonhemolytic streptococcus which did 
not ferment any of the test objects. Lyall 18 reported on five strepto- 
cocci, three isolated from the blood of rheumatics and two from the 
joints. All were indifferent to blood; one did not ferment either 
raffinose, inulin, salicin o'r mannite; one fermented only salicin, and 
three fermented salicin and mannite, which is characteristic of fecalis 
types. This small list proves that no single type of streptococcus has 
been constantly isolated in cases of acute rheumatic fever. Rosenow, 
in reporting on the, etiology of acute rheumatism, states that he was 
able to isolate three different types of organisms from the joint 
exudates. Tested on blood agar plates, they were, first, a green type 
forming long chains; second, a type giving slight hazy hemolysis about 
the colonies and forming short chains.; all of Type 2 were mannite 
fermenters; third, a type with small grayish colonies indifferent to 
blood. In this paper Rosenow reported on his method of isolating 

15. Beattie, J. M., and Yates, A. G.: Jour. Path, and BacterioL, 19H, 16, 247. 

16. Floyd, C., and Wohlbach, S. B.: Jour. Med. Research, 19lS, w> ■ 

17. Hopkins, J. A., and Lang, A.: Jour. Infect. Dis., 1914, 15 , <w. 

18. Lyall, H. W.: Jour. Med. Research, 1914, 30, 487. 

19. Rosenow, E. C. : Jour. Infect. Dis., 1914, 14 , 61. 
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culture was positive for A 49, colonies arising in one blood agar plate. This was 
followed by effusion into the pericardium, which persisted until the middle of 
February. On February 1 she had a febrile attack without new symptoms, but a 
blood culture was sterile. On the 3d there was a fresh effusion into the knee 
joint, but a culture was sterile. Convalescence was slow but steady until the 
patient was discharged April 1. 

In the spring of 1916 the patient reported another attack of acute rheumatic 
fever without cardiac involvement. In May, 1916, the blood serum gave no com- 
plement fixation with antigen A 49. 

A 119. — H. F„ a boy, aged 16, a clerk by occupation, was admitted to the Pres- 
byterian Hospital March 2, 1915, and discharged April 9, 1915. The boy had 
attacks of precordial pain and dyspnea in 1909, 1910, 1911 and 1912. In 1912 he 
had some joint pains. In 1913 in this hospital a diagnosis was made of acute 
simple endocarditis, fibrinous pericarditis and left hydrothorax. There were 
double murmurs in both mitral and aortic areas. The boy was well and working 
until two weeks before entrance. He had cough two weeks, with increasing 
dyspnea, swelling of abdomen and legs. A physical examination showed dysp- 
nea, orthopnea, with the throat clear, except for enlarged tonsils. The heart 
was much enlarged to the right and left. There were double mitral and double 
aortic murmurs, congestion of the lungs, enlarged liver, ascites and edema of 
the legs. On March 5 the patient had an attack of pulmonary edema. On the 9th 
steady improvement was apparent. March 14 to 16 the temperature was 102. 
There were precordial pain and pain in the left knee, but no swelling or redness. 
On March 16 a blood culture was positive for A 119, colonies developing on blood 
agar plate. There was immediate improvement after taking salicylates. April 5 
the temperature was normal, and the patient showed steady improvement. A 
blood culture was then sterile. The boy was discharged April 9, and he returned 
to work. 

A 141. — J. K., a schoolgirl, aged 10 years, was admitted to the Presbyterian 
Hospital Oct. 3, 1914, remaining till Dec. 29, 1914. She was readmitted April 7, 
1915, and remained till June 16, 1915. She had diphtheria at the age of 5 years. 
She was always subject to sore throat. In April, 1914, she suffered from dizzi- 
.ness and vomiting. A diagnosis of rheumatic heart was made. This cleared 
up with rest. On Oct. 3, 1914, there were dizziness, cyanosis and dyspnea for 
three days. Examination showed the heart to be enlarged. An apical systolic 
murmur was transmitted over the entire chest. There were congestion of the 
lungs and enlarged liver. Fever of 103 was present, with respiration 56. On 
October 7 a blood culture showed three plates sterile. On the 12th a blood cul- 
ture of two plates of dextrose blood agar was sterile. From the 14th to the 24th 
a precordial friction rub was perceptible. On the 29th there was general edema. 
November 24 the patient showed steady improvement, but there was fever of 101 
each day. A blood culture on four dextrose blood agar plates was sterile. On 
December 22 the patient was much improved and was discharged. 

She was readmitted April 7, 1915, complaining of increasing anorexia, nausea, 
pain in the chest and coughing. The throat was clear. The heart was enlarged, 
and showed a systolic retraction over the precordium. There were systolic and 
presystolic murmurs at the apex. The lungs were congested and a friction rub 
over the right base posteriorly was discernible. On April 13 a blood culture was 
positive for A 141, colonies developing only in laked sediment in ascites dextrose 
agar tube. On April 19 and May 20 blood cultures were sterile. June 1 the 
patient showed a steady convalescence, but she had a temperature of 101 nearly 
every day. On June 16, 1916, she was readmitted in extremis. A blood culture 
, was sterile. 

Necropsy showed adherent pericardium, acute vegetative endocarditis of ver- 
rucous type, chronic cardiac valvular disease, chronic mural endocarditis, adherent 
pericardium, pleuritic adhesions (both sides) and rheumatic myocarditis. 

A 179. — A. B., a schoolgirl, aged 12 years, was admitted to the Presbyterian 
Hospital Feb. 26, 1915, and died May 20, 1915. She had acute rheumatism four 
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obtained at the time of an acute pericarditis. In two of these A 49 
and 38 D, adults, previous cultures had been sterile, but at the time 
of the appearance of the pericarditis positive cultures were obtained, 
while later cultures were sterile. The other case of pericarditis was 
that of a child,' 59 F, admitted to the Rockefeller Hospital in 1914. 
The cultur e was positive at the time of admission, but negative later. 
In 1916 she was readmitted to that hospital with typical acute rheuma- 
tism and polyarthritis ; culture B 38 was obtained, but repeated attempts 
to secure a confirmation resulted in sterile cultures. Culture B 39 was 
from a child and A 65 and A 135 from adults with typical acute 
rheumatic fever. 

All of the cultures of joint exudates have been sterile. Joints 
have been aspirated within four hours after the appearance of the 
exudate and at various later intervals. As positive blood cultures 
have been obtained from patients at the time that joint exudate cul- 


TABLE 1. — Results of Blood and Joint Cultures 




Blood Culture 

s 


Joint Cultures 


; 

Number 

of 

Patients 

Number 

of 

Cultures 

Number of 
Positive 
Cultures 

Number 

of 

Patients 

Number 

of 

Cultures 

Number of 
Positive 
Cultures 

Adults 


44 

GO 

4 

23 

31 

0 

Children... 

' i 

14 

25 

3 

i 

2 1 

3 i 

! 

0 

Total... 


58 

85 


25 

34 I 

0 


tures were sterile, it is evident that the medium was suitable for the 
growth of the streptococci. We therefore do not feel that the differ- 
ence between our results and those of Rosenow can be explained bv 


technical errors, such as age of the arthritis or faults with culture 
mediums. In addition all of the joint exudates have been examined 
microscopically and N in no instance have we found diplococci or strep- 
tococci in smears. 

Patients have also been studied in whom arthritis was not present. 
These include- principally cases of endocarditis with fever and accom-i 
panying conditions, such as pleurisy, 'pericarditis or chorea. While it 
is generally considered that these are rheumatic manifestations, it was 
thought better to place them under a separate heading. In two sue i 
instances streptococci were obtained in blood culture. Culture A 
was obtained from a patient during a febrile attack accompaniec ^ > 
pain in the knee, but no other arthritis symptoms. Culture A 141 ^ as 
obtained from a child with pericarditis and endocarditis during an 
attack of “decompensation” and pleurisy. Subsequent cultures nere 

















THE MALONE-KIUTSI REACTIONS IN PREGNANCY 

AND CANCER* 

SAMUEL BERKOWITZ, M.D. 

NEW YORK 

Various attempts have been made to simplify the technic of the 
Abderhalden dialysis test, but without success. Some of the investi- 
gators have applied the technic originally described by him with the 
use of the urine instead of the blood serum. The results have been 
variable. 

The theoretical basis for the use of the urine has been on the sup- 
position that the enzymes which dialyze through a parchment thimble 
pass through the kidney and are found in the urine (Berman, 1 
Malone 2 ). 

L. M. Warfield 3 had reported seventeen analyses (Abderhalden 
method) on urines of pregnant women in which he had obtained posi- 
tive reactions in all. Fischer 4 pointed out later that Warfield 3 had 
omitted the urine of males and nonpregnant females as controls. 
Fischer 4 found that in his laboratory all urines with few .exceptions 
gave a positive ninhydrin reaction. These findings coincide with my 
observations. He felt that the negative reactions were due to some 
ninhydrin inhibiting substances, but he did not attempt to explain 
their nature. 

I 

Berman 1 had reported the dialysis test on ninety-seven urines of 
pregnancy, forty-eight specimens of gynecologic patients and ten of 
males. His positive reactions to ninhydrin after incubation were 92, 
89, and 70 per cent., respectively. x 

Falls and Welker 5 in a detailed report stated that amino-acids 
form an appreciable part of the normal nitrogenous elimination in 
the urine. They reasoned that if ninhydrin reacted with compounds 
containing the intact amino group, then all normal urines should react 
positively with the reagent unless the content of the amino-acids fell 
below the limits of the delicacy of the reaction. 

* Submitted for publication Sept. 22, 1916. 

*From the Physiological Chemical Laboratory, Beth Israel Hospital. 

*This work was done under the tenure of the Ehrmann Fellowship. 

1. Berman, L. : Application of the Ninhydrin Reaction to the Urines and 
Urinary Dialysates of Pregnant Women, Am. Jour. Obst., 1914, 70, 192. 

2. Malone, R. H. : Jour. Am. Med. Assn., 1915, 64, 1651. 

3 . Warfield, L. M. : Jour. Am. Med. Assn., 1914, 62, 436. 

4. Fischer, C. E. M. : Jour. Am. Med. Assn., 1914, 62, 950. 

5. Falls, F. H., and Welker, W. H. : Jour. Am. Med. Assn., 1914, 62, 1800. 
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obtained, (1) pneumococcus, (2) hemolytic streptococcus, and (3) 
a green-forming streptococcus. The streptococci from both these cases 
were lost before they were completely studied. In the third case 
A 1 79, diphtheroid bacilli and green streptococci were obtained from 
all the diseased valves. The characteristics of these cocci are given 
under the subsequent studies. The case reports are given at the end 
of the paper. 

Cultural Characteristics . — The cultural characteristics and virulence 
of the organisms have been studied immediately on isolation. All 
were gram-positive cocci, with a tendency to grow in pairs or short 
chains. Plain broth cultures were turbid and did not clear on the 


TABLE 3. — Cultural and Virulence Characteristics 
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0 
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2 c.c. + 
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0 
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0 

0 
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0 
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0 
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Green 

+ 
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4“ 

0 

1 c.c. + 

A 135 

Turbid 
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Insoluble 

Green 

+ 

0 


+ 

+ 

2 c.c. 0 

A 65 

Turbid 

Marked 
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Insoluble 
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+ 

4* 


0 

0 
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addition of equal parts of ox bile. No capsules could be demonstrated 
in the smears of the peritoneal exudates of mice inoculated intra 
peritonealiy with the organism. The action on blood was studied, 
both on human blood plain agar plates and by mixing diminishing 
dilutions of twenty-four hour plain broth cultures with equal parts o 
5 per cent, suspension of sheep's blood cells and incubating two hours. 
None of the strains produced hemolysis of the cells or clearing a 
the colonies on the blood agar plate and all turned the cells brown 
and gave a green appearance on the plates. This is characteristic 
the so-called Streptococcus viridans. 
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the water, as recommended by Abderhalden. It was boiled for five 
minutes and then washed with distilled water four or five times by 
shaking with water equal to five times the amount of substrate used; 
the supernatant fluid was decanted each time. The boiling process 
was repeated till 5 c.c. of filtered decanted water gave a negative 
reaction with 1 c.c. of 0.1 per cent, ninhydrin in solution (acetic acid 
was added only in the first boiling). 

The next step consisted in drying the substrate in a water chamber 
oven at 80 C. for four, hours and over night at 55 C., and then in' a 
desiccator over calcium chlorid for three days. The resulting brown 
powder was very dry and hard, and was kept in a ground glass stop- 
pered bottle in a dark place. The substrate used in the cancer tests 
was prepared in the same way. i 


TABLE 1. — Determination of the Period of Incubation* 
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+ 
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* In this and the following tables B, signifies biuret test; 0, negative; + positive; 
N, ninhydrin test; C, pregnancy urines; and A, the urine from males. All urines were 
incubated at 37.5 O. 


2. Preparation of the Urine: The urines were obtained imme- 
diately after voiding and examined for albumin by the biuret test. 
If positive, they were made negative by the following method: Fif- 
teen cubic centimeters of urine were placed in a well-stoppered bottle 
and shaken for ten minutes with 0.3 gm. kaolin ; it was then filtered, 
and tested again. The shaking process was repeated till the biuret 
test was negative. Attempts to shake the urine with animal charcoal 
obtained from several different sources were not satisfactory, inasmuch 
as it was necessary to keep increasing the amount of urine used and a 
longer time was consumed to render the urine negative. Ten c.c. of 
the negative urine was neutralized to litmus with 2 per cent, sodium 
carbonate solution, if acid, or with 1 per cent, acetic acid, if alkaline. 

3. The Technic of the Test: Ten c.c. prepared urine and 0.2 gm. of 

j 
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we find that the only two which appear to be very closely related are 
59 F and A 49. 1 

It is not the intention to discuss the general subject of the classi- 
fication of streptococci by means of the complement fixation reaction, 
as that is more fully considered in another communication. The evi- 
dence brought forward in this table is merely to show the immunologic 
relationship of the various strains. 

A comparison of the fixing properties with the fermentation reac- 
tions and virulence of the several strains shows that no strict relation- 
ship exists between the various fermentation groups and the groups as 
determined by complement fixation. In the study of the virulence of 
the strains no special tendency toward virulence is noted among any 
one of the various fermentation groups or complement fixation groups, 


TABLE 4. — Grouping by Means of Complement Fixation Reactions* 


Serum of Babbits 
Immunized With 





Antigens 




B 3S 

A 179 

B 39 

59 F 

A 49 

A 1 11 

A 119 

33 D 

A 135 A 05 

B 33 

+ 

— 

-4- 

— 


t — 

— 

— 

— — 

A 170 

— 

+ 

-4- j 

— 

I 

1 

— 

- 

- - 

B 39 

+ 

4* 

+ i 

1 j. 

+■ < 
1 


— 

— 

— ~ 

59 F 

— 

— 

— 

1 

+ 

— 

— 




A 49 1 

± 

± 

— 

4- 

+ 

— 

- 

- 

— — 

A 141 

! “ 

— 

— 

+ 

+ ; 

+ 

+ 

'+ 

: + - 

A 119 


— 

— 

— 

— 

“ 1 

+ 

+ 


3S D 

— 

— 

> 

— 

— 


- ! 

+ 

i 

A 135 

— 

— 

— 

— 

— 

— 

— 

— 

4 

A 65 

— 

— 

— 

— 

- 

— 

— 

— 

- + 


* In this tabic + signifies that fixation with heterologous antigen was of practica] lly t 
same strength as with homologous antigen; ± signifies that fixation with neteroiogu 
antigen was weaker than with homologous antigen; — signifies negative reaction. 


with the exception of 59 F and A 49, which seem to be closely related 
in all their characteristics. Compared with a larger number of green- 
forming streptococci obtained from blood cultures of Streptococcus 
viridans from endocarditis patients and from the throats of acute 
angina patients, the streptococci from acute rheumatic fever patients 
could not be differentiated by means of cultural characteristics, hi 
the immunologic studies most of the streptococci from rheumatic fe\ei 
patients fell in one side of the large group, although various individua 
members are scattered throughout the group. In the matter of viru 
lence six out of ten rheumatic fever strains were virulent, while wit i 
one exception all the endocarditis strains were avirulent. On the ot le 
hand, angina strains were often virulent to 1 c.c. or less. 
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TABLE 2. — The Value of the Test in Pregnancy* — ( Continued ) 


Speci- 

men 

Number 

Diagnosis 

O.c. 

Each 

Test 

Hours 

Incuba- 

tion 

Control (1) 
Urine ; 

Urine and 
Placenta 

Control (2) 

, Urine 

B. 

1 

N. 

B. 

N. 

B. 

N. 

36 

Male— healthy 

10 

18 

0 

+ 

0 

4 

+ 

++ 

37 

Pregnancy 

! 10 

16 

0 

+ 

+ 

44 

0 

++ 

38 

Male— healthy 

1 5 

16 

0 

+ ! 

+ + 

44 , 

0 

44 

39 

Pregnancy 

5 

16 

0 

4* 

0 

4 1 

0 

4 

40 

Male— ulcer of stom- 
ach 

10 

16 

0 

4 

0 ! 

i 

+ 

++ 

44 

41 

Pregnancy 

10 

16 

0 

+ 

+ 

+ i 

+ 

+ 

42 

Male— healthy 

10 

16 

0 


0 

++ 

0 

++ 

43 

Pregnancy 

10 

20 

0 

+ 

++ 

44 

++ 

44 

44 

Pregnancy 

10 

20 

0 

+ 

++ 

++ 

++ 

++ 

-15 

Male— healthy 

10 

20 

0 

+ 

0 

4 

+ 

4 

40 

Pregnancy 

» 

10 

0 

-f 

+ 

4 

0 

44 

47 

Pregnancy 

10 1 

16 

0 

+ 1 

0 

4 

0 

4 

48 

Pregnancy 

1 

5 1 

16 

0 

+ 

+ 

+ 

0 

+ 

40 

Pregnancy 

10 

18 j 

0 

44 

+ 

+ 

4 

++ 

50 

Pregnancy 

I 10 

18 

0 

++ 

+ 

+ 

+ 

++. 

51 

Pregnancy., 

• 1(> 

18 

0 

+ 

0 

4 

++ 

++ 

52 

Male— healthy 

1 10 

1 

16 

0 

+ 

0 

+ 

0 

++ 

53 

Male— healthy i 

10 

16 

0 

+ 

0 

4 

0 

++ 

54 

Pregnancy 

10 

16 

.0 

+ 

++ . 

44 

0 

++ 

55 

1 Pregnancy 

10 

16 

0 

0 

++ 

++ 

0 1 

++ 

56 

■ 

Female — genera] 
cancer, not preg- 
nant 

10 

20 

0 

++ 

1 

1 

0 

i 

44 

1 

+ ■ 

++ 

57 

Ca. uterus; not 
pregnnnt 

10 

20 j 

0 

+ 

4 

+ 

++ 

++ 

58 

Male— healthy 

10 

IS 

0 ! 

+ 

+ 

+ 

I ++ 

++ 

59 

Pregnancy 

10 

18 

0 ; 

++ 

++ 

++ 

44 

++ 

60 

Pregnancy 

10 

18 

o : 

4 

■ + 

++ 

4 

+.+- 

61 

Male— C a 

10 

16 

0 

+ 

; 0 

+ 

+ 

+■ 

62 

Male— Oa 

10 

16 

0 

++ 

0 

+ 

0 

44 

63 

Male— Oa 

5 

18 

0 

++ 

+ 

++ 

44 

44 

61 

Male— Oa 

5 

18 

0 

+ 

6 

++ 

++ 

++ 

65 

Male— Ca 

5 

18 j 

0 

4 

4 

++ 

++ 

++ 

06 

Male— Ca 

10 

18 

0 

++ 

0 

+ ! 

++ 

++ 

67 

Male-On 

10 

IS 

0 

+ 

0 

+ ! 

+ 

++- 


* In addition to the symbols explained in the footnote to Table 1, in this and the fol- 
lowing tables Ca. signifies carcinoma; (1), before incubation; (2), after incubation. 
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important bearing on this question are the findings in cultures b9 F 
and B 38. At the time of the first attack, streptococcus 59 F was 
isolated. After a prolonged course the patient recovered from every 
evidence of acute or subacute infection. After a year of good health 
she suffered a relapse, or as is more probable, a new infection. At 
this time streptococcus B 38 was recovered from her blood. This 
proved to be an organism that differed culturally, immunologically and 
in its virulence from the strain originally isolated. In addition, no 
complement fixing or agglutinating antibodies against 59 F could be 
demonstrated in the patient’s blood at the time of the second infection. 
If the infection was a chronic one due to streptococcus 59 F, we would 
expect to find antibodies such as may be demonstrated in the serum 
from cases of subacute streptococcus endocarditis. We feel that more 
detailed observation and experimentation is required to decide the 
points at present under discussion. 

Another point should be mentioned: There is a tendency among 
some workers to consider that because a green streptococcus is isolated 
from the blood of a patient with endocarditis, there is sufficient ground 
for classifying the case in question as subacute bacterial endocarditis 
— the type so well described by Libman. This disease, with its char- 
acteristic symptomatology, is now generally recognized as a fatal 
malady. From our studies we feel that the essential factors in. its 
recognition do not depend alone on the isolation of the infecting 
organism, but on such characteristic symptoms and signs as petechiae, 
embolic lesions and progressive downward course, in addition to the 
picture of an endocarditis. The findings in our cases indicate that 
green streptococci can be isolated from the blood stream, and still the 
patient may not suffer from subacute bacterial endocarditis. Some of 
the patients have been followed for a year or more without showing 
any signs of this disease, and case A 141, a year after yielding a single 
positive blood culture,- showed at necropsy characteristic rheumatic 
lesions in. the heart valves and muscle. 

SUMMARY AND CONCLUSIONS 

1. Cultures of the exudate aspirated from the joints in acute 
rheumatic arthritis have been uniformly sterile. 

2. Nonhemolytic streptococci have been recovered in blood culture 
from less than 10 per cent, of patients suffering from acute rheumatic 
fever. 

3. Similar streptococci have been recovered from the active endo 
cardial lesions in only half of the fatal cases of acute rheumatic fever. 

4. From the above results it seems evident that no type of strepto 
coccus has been constantly associated with acute rheumatic fever. 
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Ten pregnancy urines were incubated with cancer' tissue and three 
gave a positive result, while seven gave a negative result. This again 
speaks for a greater value of negative results than of positive reports. 

In malignancy with cancer substrate ten urines were used. These 
cases were positively carcinomatous, as shown by pathologic reports. 
In this study four were positive and six were negative. These were 
incubated at the same time with placental tissue and three, or 30 per 
cent.* gave a positive reactio'n, while seven, or 70 per cent., gave a 
negative result. 


TABLE 4. — Cancer Urines Incubated with Placental and Cancer 

Substrates 


Speci- 

men 

No. 

■ 

Hours 

Incuba- 

tion 

Control (1) 
Urines 

Urine and 
Placenta 

Urine and 
Carcinoma 

Control (2) 
Urine 

Diagnosis 

B. 

N. 

B. 

N. 

B. 

N. 

B. 

N. 


35 

5 

18 

0 

+ 

0 

4* 

0 

+ 

+ 

4“ 4* 

Ca. breast 

56 



0 

+ + 

0 

4-4* 

+ 

4* 

+ 

4 4 

General Ca.— woman, 
not pregnant 

57 



0 

+ 

+ 

4- 

+ 

4* 4* 

+ + 

4- 4 

Ca. uterus, not preg- 
nant 

61 


16 

0 

+ 

0 

+ 

0 

4- 

+ 

++ 

Ca. stomach— male 

62 

10 


0 


0 

+ 

0 

++ 

0 

++ 

Ca. stomach— male 

63 

5 

18 

0 

++ 

4* 

++ 

+ 

++ 

4- 4* 

4 4- 

Ca. pancreas— male 

64 

5 

IS 

0 

+ 

0 

++ 

+ 

+ 

4* 4* 

+ + 

Ca. stomach— male 

65 

5 

18 

0 

+ 

+ 

++ 

0 

4- 

4-4* 


Ca. stomach— male 

66 

10 

18 

0 

++ 

0 

+ 

0 

+ 

4-4- 

++ 

Ca. breast 

67 

10 

18 

0 

+ 

0 

+ 

0 

4- 

+ 

4 4 

Ca. stomach— male 


Of interest was the observation that pregnancy urines reacted with 
cancer tissue the same way that the cancer urines reacted with the 
placental substrate. 

The biuret reaction was always negative before incubation in both 
the test and control urines. The reactions after incubation in the 
control urines gave the following conflicting results : 

Total number control urines (nonpregnant patients) (includ- 


ing cancer urines) 26 

Positive biuret reactions after incubation 17 

Negative biuret reactions after incubation 9 

Total number pregnancy urine controls 41 

Positive control reactions after incubation 23. 

Negative control reactions after incubation 18 


The results so far obtained in these studies do not coincide with 
conclusions drawn by the originator of the test. We are inclined to 
believe that negative results alone should be used as corroborative 
diagnosis. 

223 East Seventy-Second Street. 
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n 1 °. t - The patient had measles at 4, but no scarlet fever: She often had bron- 
chitis, but no sore throat. At 1 year there . was twitching of the left arm 
(chorea). She never had pain in the joints. Eleven days previously the natien 
• fell while skating. Ten days before she vomited and had headaches Nine days 
before her feet hurt and the right one was swollen. Eight days before both 
ankles and knees . were swollen and painful. This gradually decreased Her 
general condition improved from day to day. The day before entrance she was 
out of bed, and on the day of entrance, she was attacked with a sudden pain in 
the region of the heart. Physical examination revealed dyspnea, painful expres- 
sion and a dry cough. There was a friction rub over heart. The heart was 
4 cm. to the right and 11 to the left of the midsternal line. The liver was 
enlarged, extended 3 cm. below the costal margin and was tender. There was 
no edema. The joints were negative. Blood culture was positive for 59 F. 
Growth took place only in the broth flask. The friction rub persisted until 
June 8. Fever lasted until July 12. From September 21 to 29 there was fever, 
but the blood cultures were sterile. On Aug. 7, 1915, the tonsils were removed. 

The patient was readmitted to the hospital March 9, 1916. She had remained 
well until one month before, when she had grip and fever for three days. Three 
weeks before she had grip for two weeks, with high fever; then she was well 
one week. Two days before entrance she vomited and had headache. The day 
before she had pain in both ankles. Examination showed no petechiae. The 
throat was clear. The heart was enlarged, and there was an apical systolic mur- 
mur. There was heat and tenderness in the left ankle. A blood culture was 
positive for B 38, giving 100 colonies per cubic centimeter, which developed in 
all mediums. February 12 both knees were swollen and tender. March 10 the 
ankles, knees, elbows and wrists had been involved. Blood cultures on March 
11, 12 and 13 were sterile. On the 12th 5 c.c. turbid fluid were aspirated from 
the knee joint, but a culture proved sterile. There was no trace of petechiae. 
The fever ranged from 101 to 102 until May 5. 

38 D. — J. McK., a blacksmith, aged 58, was admitted to the Rockefeller Insti- 
tute Hospital March 15, 1914, and discharged June 9, 1914. There was a history 
of acute rheumatism four years previously. There had been no cardiac symp- 
toms afterward. Two weeks before entrance he caught cold, and eleven days 
before his left wrist became red and swollen. Five days before his knees 
became involved, and four day's before his right wrist also was affected. He 
was confined to bed for two days. Examination showed the heart to be slightly 
enlarged. There was an apical systolic murmur. There was acute arthritis in 
the right wrist, both elbows, the knees and the ankles. On March 16 a blood 
culture was sterile, and the fluid from both knees and ankles was sterile. On 
March 19 there was a pericardial friction rub. A blood culture was positive for 
38 D, developing from laked sediment in ascitic broth. On March 20 a blood 
culture was sterile. On the 21st there were signs of fluid in the left pleural cav- 
ity. On the 26th the pericardial rub had disappeared and the blood culture was 
sterile. From March 29 to April 11 there was continuous auricular fibrillation. 
On April 12 the heart showed sequential rhythm. May 9 the patient showe a 
slow but steady convalescence. . . . 

A 49. — A. G., a waitress, aged 23, was admitted to the Presbyterian Hospita 
Jan. 16, 1915, and discharged April 6, 1915. Eleven years before the patient lia 
a severe acute articular rheumatism, followed by chorea. The present 1 
began two weeks before with polyarthritis, involving both arms and legs, a e 
this had receded, but there were fever and sweating, and the previous few ay 
dyspnea. Examination showed the heart to be enlarged, and there was an ap 
systolic murmur. The left wrist was swollen, red and tender. On January 
blood culture proved sterile. From the 17th to the 19th the wrists, s i 
and knees were involved. On January 21 there was a pericardial rub. 

22. During the period from Jan. 16 to 23, 1915, the patient was taking sodiui 
salicylate from 100 to 200 grains per day. 
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523 white women there is history of onset of pellagra during 
pregnancy. Brief notes for each of these cases follow. 

Pellagrin 1S6, aged 22 at onset of pellagra in March, 1908, was in the second 
month of pregnancy when she suffered an initial attack of pellagra, manifested 
by scaling of the hands, stomatitis and diarrhea. The eruption subsided in 
about two weeks and the attack was evidently a mild one. During the following 
two years this patient remained entirely free from the disease, again becoming 
pregnant in August, 1909, and giving birth to a child in May, 1910. In April, 
1911, and again in 1912 she suffered mild recurrences of pellagra, but remained 
free from symptoms of the disease in 1913 and 1914. 

Pellagrin 277, aged 25 at the time of onset, first developed a pellagrous ' 
erythema in April, 1908, three months before the birth of her child. The 
attack was evidently mild, although complete, showing erythema of hands, sore 
mouth, dysentery and nervous symptoms. The eruption remained for about one 
week, and by winter there was a complete subsidence of all symptoms. In 
April, 1909, she again had a mild, though complete, attack. There was a very 
severe recurrence in March, 1910, during which the patient was bedridden for 
'six weeks. In the following two years mild recurrences appeared in April and 
June, respectively. During 1913 and 1914 this patient remained entirely free 
from symptoms of pellagra. 

Pellagrin 644, aged 26 at onset, was in the fourth month of pregnancy when 
pellagra first developed in April, 1909. , The attack was mild, consisting of 
sore mouth, followed by an erythema, which subsided in two months. During 
the following three years she remained free from the disease, being pregnant 
through the entire pellagra season in 1911. In 1913 she suffered her first recur- 
rence and it was a mild one. In 1914 she remained free from symptoms of 
pellagra. 

Pellagrin 827, aged 33 at onset, was in the seventh month of pregnancy when 
pellagrous symptoms first developed in August, 1909. The attack was undoubtedly 
a severe one, for after the birth of her child in October, 1909, the patient was 
admitted to a hospital, where she died six weeks later. 

Pellagrin 95, aged 26 at onset, was in the third or fourth month of preg- 
nancy when she suffered an initial attack of pellagra about May, 1910. The 
attack was manifested merely by characteristic erythema on the hands. In 
May, 1911, the patient suffered a mild recurrence, with sore mouth and an 
erythema on the hands and arms, which subsided in about one week. During 
the winter of 1911 and also in 1912 she had some mental derangement, but had 
shown no further recurrence of erythema to July, 1912, the date of the last 
observation. 

Pellagrin 18, aged 29 at the time of onset, developed an initial attack of 
pellagra in June, 1910, before the birth of her child, the exact date of delivery 
being unrecorded. The attack was mild, manifested by erythema on the fore- 
arms, sore mouth and dysentery, all of which symptoms subsided by July, 1910. 

In May, 1911, she suffered a severe recurrence with skin, gastro-intestinal and 
nervous symptoms, which persisted until the following September. Again in 
April, 1912, this patient had a complete recurrence of pellagra, which had no 
definite subsidence that year, but ended in death in January, 1913. 

Pellagrin 62, aged 21 at onset, was in the fourth month of pregnancy when 
she first developed an erythema in July, 1911. The attack seems to have been 
rather severe, with sore mouth, an intermittent diarrhea and an eruption which 
lasted through most of the summer. In this case there was history of ill health 
following .an operation for pelvic disease in 1909. Early in January, 1912, the 
patient gave birth to a child and in June, 1912, she suffered a mild recurrence, 
having been troubled all the spring with diarrhea and insomnia. In the sum- 
mer of 1913 she had a pronounced attack while pregnant, giving birth to a 
child in October. In 1914 she is recorded as having recurrences of erythema 
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years before, lasting three weeks. Two weeks before entrance there was pain in 
the legs ; then the shoulders, ankles and knees became involved. There was pain 
over the precordium for several days, increasing dyspnea and weakness. Exami- 
nation showed the pharynx to be diffusely reddened and the tonsils large. The 
heart was enlarged to the left and downward. There was a distinct gallop 
rhythm, with systolic and diastolic murmurs at the apex. The liver was enlarged, 
and there was tenderness over it. .The right hand, left ankle and right knee were 
tender, painful and swollen. February 27 a blood culture was sterile. On March 
3 the area of cardiac flatness was much increased. The cardiohepatic angle was 
obtuse and the heart sounds muffled. From March 17 to April 12 the patient 
had attacks of slowing of the pulse in which the rate was one-half the ordinary 
rate. Electrocardiograms showed sudden alternating transition of auricular 
rate from 53 to 108. At both rates the conduction mechanism was normal. 
From April 14 to 18 there were precordial friction rubs, and also from May 4 to 7. 
On May 14 there was much precordial pain, with chorieform movements. May 
20 the condition steadily grew worse until death. 

Necropsy showed acute rheumatic endocarditis, involving the mitral, aortic 
and tricuspic valves and foramen ovale; acute pericarditis, adherent peri- 
cardium; rheumatic myocarditis; many Aschoff bodies; cardiac hypertrophy; 
rheumatic pleurisy ; mediastinitis ; petechial hemorrhages into the fatty tissue 
of the abdomen, the pectoralis minor muscles and the pericardium, and beneath 
the endocardium in the right auricle; acute hemorrhagic enteritis. Cultures 
showed the hemorrhagic area from the left pectoralis minor muscle to be sterile. 
The heart’s blood showed three diphtheroid colonies. The valve lesions were 
cultured and diphtheroid and green forming streptococci A 179 developed from 
each valve, including the tricuspid valve, the mitral valve and the aortic valve. 
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when pellagra first developed in the latter part of July, 1914. With the excep- 
tion of the erythema, which recurred that summer, and sore mouth, the patient’s 
health was not markedly impaired. 

Pellagrin 964, age not recorded, suffered a first attack of pellagra in January, 
1914, just before the birth of her child. The onset was mild, but in the following 
June the erythema recurred and with it stomatitis and marked general weakness. 


TABLE 1.— Summary of the Twenty Initial Attacks of Pellagra Which 

Occurred During Pregnancy 


Pellagrin 

Number 

Age at 
Onset 

Date of 

Onset - 

Month of 
Pregnancy 

Character of 
Attack 

History During 
Pregnancy 

• ISC 

22 

March, 1908 

Second 

Mild 

Recovery 

277 

25 

April, 1908 

Sixth 

Mild 

Recovery 

'844 ' 

26 

April, 1909 

Fourth 

Mild 

Recovery 

S27 

33 

August, 1209 

Seventh 

Severe 

Persisted* ' 

95 

26 

May, 1910 

Third or Fourth 

Mild 

[ Recovery 

18 

29 

June, 1910 

Middle 

Mild 

| Recovery 

82 

21 

July, 1911 

Fourth 

Severe 

Recovery 

508 

23 

June, 1911 

Ninth 

Mild 

1 Recovery 

724 

24 

Pall, 1911 

First 

Mild 

Recovery 

2S0 

19 

July, 1912 

- First 

Mild 

Recovery 

260 

22 

April, 1912 

Sixth 

Severe 

Persisted! 

531 

29 

August, 1912 

Second 

Mild 

Recovery 

701 

31 

March, 1912 

Eighth 

Slight 

Recovery 

253 

35 

May, 1912 

Eighth 

Mild 

Recovery 

1167 

21 

July, 1913 

Eighth 

Mild 

Recovery 

977 

22 - 

July, 1914 

Eighth 

Mild 

Recovery 

1267 

28 

January, 1914 

Ninth 

Mild 

Recovery 

958 

29 

February, 1914 

Sixth 

Mild 

Hecovery 

1078 

42 

July, 1914 

“Advanced” 

Mild 

1 Recovery 

964 

Not re- 
corded 

January, 1914 

Ninth 

Mild 

Recovery 


* This patient died of pellagra six weeks after childbirth in the fail of 1003. 
t This patient survived the year, giving birth to her child in August, 1012. She did not 
regain her health, but continued to suffer from pellagra until death in September, 1013. 


Among the 523 recorded initial attacks of pellagra in white women 
in the age period 12 to 49 years there are only twenty, or 3.8 per cent., 
in which the onset occurred during pregnancy. None of these twenty 
died of pellagra during pregnancy. In fact, with a single exception, 
those who developed the disease early in pregnancy suffered only mild 
attacks. This exceptional case, Pellagrin 62, had been in ill health 
following a pelvic operation in 1909 and she suffered a rather severe 
initial attack of pellagra in July, 1911, imthe fourth month of preg- 
nancy. In one instance, Pellagrin S27, the attack appeared in the 
seventh month of pregnancy, persisted until childbirth and ended in 
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In June, 1914, M. Kiutsi 0 of Japan claimed to have discovered a 
new modification of the Abderhalden reaction in which he had avoided 
using dialyzing thimbles, with excellent results. In pregnancy he had 
“repeated this method hundred times and never missed.” Moreover, 
he stated in a later communication 6 7 that “it is not at all difficult with 
the improved method to diagnose the pregnance in, but two hours after 
the test began.” 

He claimed that he could diagnose cancer, tuberculosis, gallblad- 
der disease, appendicitis, retinitis, and choroiditis, and had isolated a 
ferment for each disease. In other words, a'large number of our 
present common diseases could be diagnosed by laboratory methods 
alone. 

One is impressed in a perusal of h is reports by the secrecy of the 
details of the technic in such an important discovery. In his test for 
pregnancy he made use of a preparation, called by him “ninserin,” as 
the substrate, but he did not give the details of the preparation. 

In view of Malone’s results in pregnancy, I made attempts to 
corroborate his findings and extend the usefulness of the test to cancer. 
This study covers sixty-seven analyses, including urines of pregnant 
and nonpregnant women, urines of cancer patients and urines from 
normal males. The results are discussed in the accompanying tables. 

I undertook to determine the following : 

1. The preparation of the substrate. 

2. The preparation of the urine. 

3. The technic of the test. 

4. The determination of the period of incubation (Table 1). 

5. The value of the test in pregnancy (Table 2). 

6. The value of the test in cancer (Table 3). 

7. The reaction of the urine of pregnant and cancer patients on 
both placental and cancer substrates (Tables 3 and 4). 

1. Preparation of the Substrates: For the pregnancy test fresh 
placenta w r as used, while for the cancer test an adenocarcinoma of the 
liver was employed. The preparation in both instances was alike. 

A fresh placenta was placed in normal saline solution and as much 
blood forced out of it as possible. It was then divided into small 
pieces with an ordinary meat chopper, after discarding all the blood 
vessels and connective tissue, and placed into running tap water, foi 
approximately thirty-six hours. The residual tissue appeared snow 
white. All red pieces and blood clots were removed before boiling in 
distilled water. Five drops of dilute acetic acid were then added to 


6. Kiutsi, M.: ICiutsi’s Urindiagnosis by Means of “Filtration Process, 

Tune 10, 1914, printed by Bunyeido, Sapporo, Japan. , 

7. Kiutsi, M.: ICiutsi’s Isolation of Protective Ferments and Fro a re 
Filtration Process, Oct. 1, 1914, printed by Bunyeido, Sapporo, Japan. 
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we find that fifty-three, or 10.1 per cent, of the remaining- 523 white 
women suffered onset of pellagra following a childbirth. 

If the total birth records in Spartanburg County for a given year 
were available for comparison with the total number of initial attacks 
of pellagra among mothers delivered in the respective year, it would 
be highly interesting to ascertain in what ratio women who had 
recently borne a child were attacked by this disease. We have, how- 
ever, the histories of the 523 white women who did suffer attack. The 
fact that a very large proportion of all women in these southern mill 
villages do bear children and that standards of living and environ- 
mental influences are generally similar reduces them to a fairly uniform 
basis for comparison. 


TABLE 2. — Comparison of the Number of Women from 12 to 49 Years of 
Age, with Onset of Pellagra in Each Year, with the Number Having 
Record of Childbirth Just Prior to Onset of the Disease 


Year of Onset 

j White Women 

Colored Women 

Total 

Initial 

Attacks 

Instances of 
Childbirth Just 
Prior to Onset 

Total 

Initial 

Attacks 

Instances of 
Childbirth Just 
Prior to Onset 

Number 

Per Cent. 

Number 

Per Cent. 

Before ISOS 

28 

3 



0 

1 

; 0.0 

ISOS 

13 

1 


1- 

0 

0.0 

1009 

30 

1 

| ' 


0 

0.0 

1910 

70 

7 

10.0 

12 

0 

0.0 

1911 

117 

9 

7.7 

11 

0 i 

0.0 

1912 

SO 

5 

6.3 

20 

0 

0.0 

1913 

111 

20 

17.5 

23 

1 

1.3 

1911 

71 

7 

I 9.9 

25 

3 

12.0 

j 

Total i 

l 

523 

53 

10.1 

101 

1 

1.0 


In Table 2 are summarized the total number of incident cases of 
pellagra among women in the age period 12 to 49 years at the time 
of onset of pellagra, together with the total recorded cases of child- 
birth prior to onset among these women. These are grouped accord- 
ing to race and year of onset. That 10.1 per cent, of the pellagrous 
white women suffered onset of pellagra following childbirth suggests 
very strikingly that the puerperal state may predispose to pellagra. 4 

4. Less than 10 per cent, of the women in this population, on the average, 
will have borne a child within six months. If 10 per cent, of them should have 
borne a child within six months, at any given time, it would require that the 
average woman bring forth one child every five years, or a little more than 
seven children in the thirty-eight years (12 to 49, inclusive) of her assumed 
childbearing period. This figure is unquestionably too large for the average 
woman of this population. 
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TABLE 2. — The Value of the Test in Pregnancy* 
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Pellagrin 544, aged 23 at the time of onset, first developed pellagra in the 
fall of 1910, about one month after the birth of her child. In 1911 she gave birth 
to a child in the summer and escaped recurrence of symptoms during that year 
and also during 1912; but a few days after childbirth in April, 1913, she suffered 
a recurrence. There is no record for 1914. 

Pellagrin 112, aged 24 at onset, gave birth to a child in March, 1910. The 
following June she suffered her first attack of pellagra. In 1911 she had a 
recurrence, but escaped in 1912. In April, 1913, while she was pregnant, she 
suffered a recurrence. In 1914 she remained free from symptoms. 

Pellagrin 998, aged 27 at the time of onset, had her first attack of pellagra 
in June, 1910, just one month after the birth of a child. This patient gave a 
history of indigestion for several months before the birth of her child and of 
sore mouth, persistent diarrhea and insomnia prior to the development of the 
erythema. Her ill health continued till death in June, 1911. 

Pellagrin 860, aged 32 at onset, first developed an erythema in August, 1910, 
shortly after giving birth to a child. During 1911, 1912 and 1913 she remained 
quite free from symptoms of pellagra. In 1914, however, while she was again 
pregnant, she suffered a recurrence in February, about five weeks before her 
child was born. The pellagrous symptoms persisted and the patient died in 
June, 1914. 

Pellagrin 292, aged 39 at onset, gave birth to a child in January, 1910. She 
had a definite attack of pellagra in the following June. She suffered recurrences 
each year to 1914, during which year she is said to have remained free from 
symptoms. 

Among the 117 white women of childbearing age incident in 1911, 
there are nine instances of onset following a childbirth. 

Pellagrin 269, aged 23 at onset, suffered her initial attack in May, 1911, just, 
three weeks after the birth of her child. She had recurrences each year there- 
after to 1914, inclusive. In 1913, while she was pregnant, pellagrous symptoms 
developed in May, two months before the birth of her child. 

Pellagrin 980, aged 25 at onset; gave birth to a child in June, 1911. At that 
time she was suffering from severe stomatitis and the erythema appeared soon 
after. The mental symptoms became marked in this case, and after she had 
made an attempt to take the life of her child, a nurse was in constant attendance. 
The pellagrous symptoms recurred in 1912 and persisted until death in August 
of the same year. 

Pellagrin 678, aged 26 at onset, gave birth to a child in March, 1911. In the 
following summer symptoms of pellagra first developed. In 1912 she was preg- 
nant during the pellagra season, giving birth to a child in October. She remained 
quite free from symptoms during that year and also during 1913 and 1914. 

Pellagrin 122, aged 27 at time of onset, suffered an initial attack of pellagra 
two or three weeks after the birth of her child in March, 1911. She had no 
recurrence of symptoms to 1914, inclusive. In 1912 she was pregnant through 
the greater part of the pellagra season, giving birth to a child in August. 

Pellagrin 81, aged 27 at onset, gave birth to a child in May, 1911. She suffered 
from diarrhea for a month before the baby was born, and the erythema 
appeared in June. In 1912 she had a recurrence of erythema. She remained 
quite free from symptoms during 1913 and 1914. 

Pellagrin 883, aged 30 at the time of onset, first developed an erythema five 
weeks after the birth of her child in March, 1911. She remained free from 
symptoms during 1912, but suffered a recurrence in 1913. In 1914 she escaped 
recurrence. 

Pellagrin 281, aged 32 at onset, gave birth to a child in February, 1911. Her 
baby had persistent bowel trouble and died at the age of 4 months. In July, 
1911, shortly after the death of the child, the mother had her initial attack of 
pellagra. She remained free from symptoms of the disease in 1912, during which 
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dried placenta (or dried carcinoma) were thoroughly mixed by vigor- 
ous shaking and toluene added to cover the mixture completely. The 
toluene was used to restrict bacterial growth and to prevent drying. 
These mixtures were incubated at 37.5 C. for twelve hours, and then 
one-half was drawn off, filtered and tested by the biuret reaction. The 
remainder was incubated for from four to twelve hours longer and 
again tested. The best results were obtained by the longer incubation 
(Table 1). Control tests were carried out with urine alone and with 
substrate in distilled water. The control urines were always positive 
to the ninhydrin reagent. All green and blue in the biuret test were 
considered negative. A positive test varied from purple to lilac. 


i 

TABLE 3. — Pregnancy Urines Incubated with Placental and Cancer 

Substrates 


Specimen 

Number 

C.e. 
Each 
Test ; 

: 

Hours 

Incuba- 

tion 

Control (1) 

J Urine 

Urine and 
Placenta 

Urine and 
Carcinoma 

Control (2) 
Urine 

! B. 

N. 

B. 

m 

B. 

N. 

B. 

N. 

•41 

■■ 

10 1 

I 

i ° 

-4- 

+ 

+ 

0 

+ 

4 

+ 

43 

10 

20 

i + 

+4- 

++ 

I 

++ 

4 

44 

1 

++ 

44 

41 

• 10 

20 

! o 

+ | 

4*4' 

++ 

0 

M- ! 

i ++ 

44 

46 

10 

16 ! 

° 

+ 

4* 

4* 

0 

4 

1 0 

++ 

47 

10 

16 ! 

! o 

+ 1 

0 

+ 

+ 

4+ 

i 

« ; 

4 

48 

5 

16 

i 0 

+ 

+ 

+ 

0 

+ 

0 

+ 

46 

10 

18 

0 

1 

44 j 

+ 

4* 

0 

+ 

+ 

++ 

5I> 

10 

18 

0 

++. | 

+ 

4- 

4 - 

* 

+ 

+ 

++ 

51 

10 

18 

0 

+ i 

0 

+ 

0 

+ 

++ ■ 

4+ 

54 

10 

16 

0 

4* j 

++ 

4*4* 

0 

+ 

0 

++ 


From Table 1 it is evident that the minimal period of incubation 
should not be less than twelve hours, which is considerably longei 
than noted -by Kiutsi. He obtained his results in two hours. It was 
noteworthy that within twenty-four hours all the specimens except 
one became positive. The ninhydrin reaction became more positive as 
the period of incubation increased. 

Forty-one pregnancy urines were incubated with placenta, as note 
in Table- 2, and only twenty-four, or 58.9 per cent., gave a positive 
reaction and seventeen, or 41 per cent., were negative. Of twenty-six 
specimens of urine from nonpregnant women examined with p acen ^ 
six, or 23 per cent., were positive and twenty, or 77 per cent., were 
negative. The negative results appeared to be more important a 

the positive findings. • . 

The next step was to determine the specificity of the test y ' « 
bating pregnancy urines with placental and cancer substrates an 
treating cancer urines the same way. 
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Pellagrin 741, aged 24 at onset, suffered her initial attack of pellagra in June, 

1913, two months after a childbirth. She had a severe recurrence in May, 1914. 

Pellagrin 639, aged 24 at onset, gave birth to a child in February, 1913. The 

following May (1913) she had her first attack of pellagra. In 1914 she was 
reported to have had a severe recurrence during the spring and summer. 

Pellagrin 552, aged 24 at onset, gave birth to a child in January, 1913. The 
following May (1913) she developed pellagra for the first time. In 1914 she 
remained free from symptoms. 

Pellagrin 559, aged 24 at onset, gave birth to a child in February, 1913. She 
suffered her initial attack the following May. In 1914 she escaped recurrence. 

Pellagrin 904, aged 25 at onset, gave birth to a child in September, 1913. 
Her health was very poor after childbirth, and in December, 1913, she developed 
symptoms of pellagra. She suffered a recurrence of the disease in 1914. 

Pellagrin 576, aged 25 at onset, gave birth to a child in December, 1912. She 
had poor health during the months following, and in June, 1913, suffered her 
first attack of pellagra. In 1914 she had a slight recurrence of symptoms. 

Pellagrin 591, aged 26 at onset, was nursing her 5-months-old baby when 
pellagra first developed in June, 1913. She is without record for 1914. 

Pellagrin 458, aged 26 at onset, gave birth to a child in January, 1913. She 
began to feel ill in March, but continued to nurse her baby until pellagra devel- 
oped in May, 1913. She remained free from symptoms during 1914. 

Pellagrin 498, aged 28 at onset, suffered her first attack in June, 1913, about 
three months after the birth of her child. During 1914 she was pregnant until 
September. She remained free from symptoms of pellagra in 1914. 

Pellagrin 700, aged 29 at onset, gave birth to a child in May, 1913, and pel- 
lagra developed at about the same time. She grew progressively worse and was 
admitted to the hospital on August 10, where she died two weeks later. 

Pellagrin 1031, aged 29 at onset, had suffered from stomatitis in the fall of 
1912. She gave birth to a child in January, 1913, and diarrhea developed shortly 
afterward, followed by a severe erythema in July. These symptoms persisted 
until death in October, 1913. 

Pellagrin 537, aged 29 at onset, was in poor health before and following 
the birth of her child in October, 1912. In March, 1913, she developed an ery- 
thema for the first time. During 1914 she was pregnant until September, and 
remained free from symptoms during that year. 

Pellagrin 665, aged 30 at onset, had an initial attack in May, 1913. Following 
the birth of her child three months before, she had been in poor health. During 
1914 she remained free from symptoms. 

Pellagrin 610, aged 32 at the time of onset, gave birth to a child in December, 
1912, In the following June (1913) she suffered her initial attack of pellagra. 
In 1914 she escaped recurrence of symptoms. 

Pellagrin 294, aged 36 at onset, gave birth to a child in February, 1913, and 
had her first attack of pellagra in April. She grew worse and was admitted to 
the Good Samaritan Hospital in July. Against the advice of her physician she 
left the hospital in August and died in October, 1913. 

In 1914 there were seventy-one incident cases of pellagra recorded 
among white women of childbearing age. For seven of the -white 
women, or 9.9 per cent., there is record of a possibly predisposing 
childbirth. 

Pellagrin 1250, aged 20, had a severe attack of dysentery in May, 1914, 
about two weeks after the birth of her child. The pellagrous erythema did 
not appear until the second week in October. 

Pellagrin 922, aged 22 at onset, gave birth to a child the 'last of February, 

1914. She developed initial symptoms of pellagra the last of April. 
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INTRODUCTION 

The exceptionally high prevalence of pellagra among women 
between the ages of 20 and 45 years has been pointed out in previous 
publications of this commission and is now generally recognized as 
characteristic of pellagra in the general population of the southern 
portion of the United States. In our First Progress Report 1 atten- 
tion was directed to the observation that pregnancy seems to inhibit 
the development of pellagrous symptoms, and to the indication that 
childbirth 2 seems to predispose to an attack of the disease. In the 
present paper we wish to examine the correlation between the attack 
of pellagra, either initial or recurrent, on. the one hand, and the 
existence of pregnancy and the event of childbirth on the other, in 
the histories of all the pellagrins in our series for whom- there are 
definite records in regard to these phenomena. 

^ INITIAL ATTACK OF PELLAGRA DURING PREGNANCY 

In the histories of 624 women of childbearing age who suffered 
their first attack of pellagra in a year prior to 1915 there are twenty 
definite records of onset of pellagra during pregnancy. For the 101 
colored women counted, in Ibis group there are no such instances 
recorded. Excluding the 101 colored women from the present con- 
sideration, we find that for twenty, or 3.8 per cent, of the remaining 


* Submitted for publication Aug. 10, 1916. 

* From the Robert M. Thompson Pellagra Commission of the New Yore 

Post-Graduate Medical School and Hospital. , 

*This paper has been written since Dr. Garrison and Dr. Siler were reca e 
to active duty in the Medical Corps, U. S. Navy, and the Medica orps 3, 
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compilation of data or for the specific deductions drawn from them. 
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Of the ninety-six women aged 12 to 49 years with initial attack of 
pellagra in 1914, there are, therefore, ten instances of a possibly pre- 
disposing childbirth, or 10.4 per cent., for both races. If these incident 
cases with their proportion of prior childbirths are added to those of 
women incident before 1914 with their respectiye cases of childbirth, 
we have a total of fifty-seven possibly predisposing childbirths among 
624 pellagrous women, or a percentage of 9.1 for both races. This 


TABLE 4.— Pellagrins Who Suffered the Initial Attack Later Than 
One Month But Within Three Months After Childbirth 


Pellagrin 

Number 

: 

Age at 
Onset 

Bate of 
Childbirth 

Onset of 
Pellagra 

1 

Interval Indicated by 
the Original Record 

White Women — 





543 

36 

Early in 1906 

Spring, 1906 

About two months 

702 

23 ’ 

Late summer 

October, 1910 

About three months 

H 2 ... r. 

24 ! 

or fall, 1010 
March 19, 1910 

June, 1910 

Three months 

883 

j 30 

March 21, 1911 

April, 1911 

F ive weeks 

1000 

29 

January, 1912 

March, 1912 

Two months 

1G4 

30 

April, 1912 ' 

June, 1912 

Two months 

1185 

35 

January, 1912 

' April, 1912 

Three months 

798 

IS 

March, 1913 

June, 1913 

Three months 

872 

22 

May 10, 1913 

July, 1913 

Two months 

540 

23 ! 

March, 1913 

June, 1913 

Three months 

741 

24 

April, 1913 

June, 1913 

Two months 

639 

24 

Eebruary, 1913 

May, 1913 

Three months 

559 '. 

24 

February, 1913 

May, 1913 

Three months 

004 

i 25 

September, 1913 

December, 1913 

j Three months 

498 

28 

March, 1913 

June, 1913 

Three months 

i 

065 

30 

February, 1913 

May, 1913 

Three months 

294 

30 

February, 1913 

April, 1913 

Two months 

922 1 

22 

February, 1914 

April, 1914 

Two months 

954 

26 

May, 1914 

June, 1914 

Six weeks 

1011 

29 

May, 1914 

July, 1914 

Two months 

Colored Women — 




Not recorded 

410 

25 

Early in 1913 

Spring, 1913 

1094 

21 

June, 1914 

August, 1914 

Two months 


indicated percentage is undoubtedly too small, for the records of very 
many of these 624 women are incomplete, especially in respect to dates 
. of childbirths. Indeed it was not until the year 1913 that the subject 
of the possible predisposition of puerperal women to pellagra was 
given any particular attention. Thus, we find the tabulations for that 
year and for 1914 more complete and, therefore, more reliable criteria 
in regard to this relationship than are the recorded data for the pre- 
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in February, May and August, suffering also from sore mouth, insomnia consti 
pation and loss of appetite during the attack in May. ’ 

Pellagrin 568, aged 23 at the time of onset, was in the ninth month of preg- 
nancy when an initial erythema appeared in June, 1911. The patient suffered 
also from diarrhea, but within two months after the birth of the child the symp- 
toms subsided. After the first attack in 1911 this patient remained quite free 
from the disease up to the date of our last observation, July, 1914. 

Pellagrin 724, aged 24 at onset, suffered her first attack of pellagra in the fall 
of 1911, when in the first month of pregnancy. The attack consisted merely of 
the eruption on the hands, which subsided before winter. In June, 1912, after the 
birth of her child, the patient suffered a recurrence of erythema. She is without 
record for 1913, but is reported to have suffered a recurrence of erythema in 
the spring of 1914. 

Pellagrin 280, aged 19 at the time of onset, became pregnant the first week 
in July, 1912, and suffered her initial attack of pellagra in that same month. 
The only symptom in this first attack was the erythema, which appeared on her 
hands and subsided by fall. In July, 1913, just three months after childbirth, 
she suffered a recurrence of pellagra, with erythema, stomatitis, diarrhea and 
sore tongue. In May, 1914, she had a recurrence of the skin symptoms and 
sore mouth. 

Pellagrin 260, aged 22 at onset, was in the sixth month of pregnancy, when 
a pellagrous erythema first developed in April, 1912. Her child was born in 
August, 1912. In this case there were repeated exacerbations of the cutaneous 
eruption and persistent weakness throughout the fall and winter. She became 
worse in the summer of 1913. She was admitted to the hospital in Spartanburg 
and died there Sept. 7, 1913. 

Pellagrin 531, aged 29 at the time of onset, was in the second month of preg- 
nancy when she developed an initial attack of pellagra in August, 1912. At this 
time she had merely a slight erythema. After the birth of her child in March, 
1913, she had a recurrence, beginning in May, manifested by erythema, sore 
tongue and dysentery. In 1914 she reported better health than she had had for 
years, and she remained free from symptoms during that year. 

Pellagrin 701, aged 31 at onset, was in the eighth month of pregnancy when 
an erythema first appeared on her hands in March, 1912. The attack was a 
very slight one, evidenced merely by the pellagrous eruption. In the spring of 
1913 she had a severe recurrence. In May, 1914, she suffered a recurrence of 


the skin eruption. t 

Pellagrin 253, aged 35 at onset, was in the eighth month of pregnancy when 
a pellagrous erythema first developed in May, 1912. The eruption, which was 
the only symptom in this initial attack, extended over the hands and forearms 
and subsided by August, 1912. The patient remained quite free from recurrence 
of the disease in 1913 and 1914. 

Pellagrin 1167, aged 21 at onset, suffered an initial attack of pellagra in July, 
1913, just one month before the birth of a child. The only symptom in this firs 
attack was the typical erythema, which cleared up after her child was born. In 


May, 1914, she had a recurrence of the erythema. 

Pellagrin 977, aged 22 at the time of onset, was in the eighth month of preg- 
nancy when the initial erythema appeared in July, 1914. The symptoms con- 
sisted of eruption on the forearms and hands, with sore mouth and indiges : 

Pellagrin 1267, aged 28 at the time of onset, suffered her mitialattacic 
pellagra a few days before the birth of her child in January, 1914. 11 

was manifested by gastro-intestinal as well as skin symptoms, and t iese 1 
disappear until some time after the birth of the child. . 

Pellagrin 958, aged 29 at onset, had suffered indigestion for two mont s P 
■to the development of pellagra in February, 1914, three months before 
of her child. In this case there was an early subsidence of skin symptom , 
diarrhea persisted to the date of last observation in July, 1914. _ ar mnn cv 

Pellagrin 1078, aged 42 at the time of onset, was well advanced in preg 


/ 
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indicating that onset of pellagra has been about three times as common 
in the first month following pregnancy as in either the fourth, fifth or 
sixth month following such an event. Furthermore, this group shown 
in Table 5 is one half as large as the sum of those in Tables 3 and 4, 
indicating that onset of pellagra has been about twice as frequent in 
the first three months following childbirth as it has been in the suc- 
ceeding three months. These relationships certainly suggest that the 
event of childbirth may be an important factor in predisposing to 
pellagra and that it may also determine to some degree the onset of 
definite symptoms of the disease. 

Another interesting relation shown by these tables is that of season. 
Of the sixteen childbirths recorded in Table 3, no less 1 than fifteen 
occurred in the spring or summer months. On the other hand, of the 
nineteen childbirths shown in Table 5, only two occurred during spring 



Fig. 2. — The number, of initial attacks of pellagra following childbirth. Note 
that there were sixteen in the first month, twenty-two in the second and third 
months and nineteen in the fourth, fifth and sixth months after delivery. 

or summer and no less than fourteen of them took place in the three 
winter months, December, January and February. It is evident that 
the danger of pellagra' developing within a few weeks after childbirth 
is greatest when the pregnancy terminates during the spring or sum- 
mer and, from what has been said above, it would seem that the cases 
of this kind are the ones to which childbirth has the most definite 
relation. 

THE RELATION OF RECURRENT ATTACK OF PELLAGRA TO PREGNANCY 

AND CHILDBIRTH 

In the preceding discussion the relation of the first or initial attack 
of pellagra to certain physiologic conditions of the woman have been 
considered. In this section we purpose to consider the subsequent 
behavior of all women who survived the year pf initial attack and 
who presented a definite record of subsequent pregnancy or childbirth. 
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death six weeks later. In another case. Pellagrin 260, pellagra 
appeared in the sixth month of pregnancy and persisted until long 
after delivery, the patient dying of pellagra in the following year. 
The comparative infrequency 3 of onset of pellagra during pregnancy 
and the benign character of the attack when it does occur indicate that 
during pregnancy there is an increased resistance to pellagra. 



Fig. 1. — Initial attacks of pellagra which began during the first, second and 
last three months of pregnancy, respectively. The total length of the bar 
indicates the number of instances of onset in the respective three-month period. 
The more thickly shaded portion indicates the number of instances in which 
the attack of pellagra was severe. 


THE RELATION OF CHILDBIRTH TO INITIAL ATTACK 

Frequently in the' histories of pellagrous women childbirth just pre- 
vious to the initial attack is recorded as a possible predisposing factor. 
On closer examination of the records of these mothers the rather 
large number of instances in which a childbirth in the early part of the 
year, usually from January to April, has been followed within a few 
months, or even weeks, by an initial development of pellagrous symp- 
toms invites consideration. In the records of the 624 pellagrous 
women of childbearing age (12 to 49 years) in our series to the end 
of 1914 there are fifty-seven who gave a history of childbirth within 
six months preceding onset. This group of 624 women includes 101 
colored pellagrins. Because of the comparatively small number of 
records for the colored race and doubtless, also, because of the incom- 
pleteness of the records, there are recorded but four cases of possible, 
predisposing childbirth, or 4 per cent., for the colored race. After 
subtracting from the total group of women the 101 colored pellagrins, 


3. The condition of pregnancy exists at any given time in more 1 than 3.8 per 
cent, of the women between 12 and 49 years of age in this popula ion. 

. 3.8 per cent, of them were pregnant at a given time on the average, tne 
average woman would be pregnant 3.8 per cent, of 38 years (1- to » 1 V, 

or 1.44 years, about seventeen months, and would, therefore, fail to *> 
more than two children during her childbearing period, a number oo 
maintain the population and unquestionably far below the actua aver 0 
in this population. 
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appeared during the puerperium and there was another definite recurrence 
in 1914. 

For history of Pellagrin 2 77 see the section on Initial Attack During 
Pregnancy. 

Pellagrin 987 was 25 years old in the summer of 1908, when her pellagrous 
symptoms ' first appeared. In September, 1908, she became pregnant. She 
suffered a mild recurrence of pellagra the following spring before childbirth, 
which occurred June 10, 1909. Every spring thereafter to 1914, inclusive, she 
had recurrences, mild symptoms developing in 1912 during a pregnancy, which 
was terminated by childbirth in November, 1912. 

Pellagrin 37, aged 32 at the time of onset, suffered her first attack in the 
fall of 1908. Each spring thereafter she had a recurrence, although in 1911, 
after an early recurrence, she remained entirely free from symptoms after 
April, when she became pregnant, being delivered the following December. 
In April, 1912, while still nursing her baby, she suffered another recurrence, 
and pellagra again recurred the following spring (1913). In August, 1913, 
she again became pregnant and remained free from symptoms of pellagra 
in 1914 until after childbirth on May 15. At our last observation in June, 
1914, slight but definite signs of a recurrence of pellagra were already present. 

Of the seven instances of pregnancy subsequent to onset of pellagra 
there are, therefore, five in which the pregnancy terminated in the 
early summer and two in which childbirth occurred in the late fall. 
Of the five pregnancies terminating in the summer, four were free 
from recurrence of pellagrous symptoms, while in one instance a mild 
attack of pellagra developed in the sixth or seventh month. In the two 
instances of childbirth in the fall the patient remained quite free from 
the disease during pregnancy in one and in the other a mild 
recurrence appeared in the first or second month of pregnancy. 

There were two instances of a childbirth following onset during 
pregnancy. In one of these cases the childbirth occurred in July, in 
the other it occurred in the fall. There were, therefore, nine instances 
of childbirth subsequent to onset of pellagra, six occurring in the sum- 
mer and three in the fall. In seven of these the mother remained 
entirely free from symptoms for a period of at least three months 
roilowing her delivery, and in two there was recurrence in the summer 
within four weeks after the childbirth. 

Of the white pellagrins with initial attack in 1909, there are nine 
for whom definite records of pregnancy, or of childbirth subsequent to 
onset, are available. 

Pellagrin S17, aged 17 at onset in 1909, became pregnant soon after and 
remained entirely free from any symptoms of pellagra up to our last obser- 
vation in 1914. 

Pellagrin 94 suffered her first attack in April, 1909, when 21 years of age. 
The following year she had a recurrence in April. In 1911 she suffered a 
very severe recurrence, being confined to bed for three months. In July, 
1911, she became pregnant, giving birth to a child in March, 1912. In this 
case a pregnancy during the cool season was succeeded by a very mild recur- 
rence in June, 1912. Late in the summer of 1912 she became pregnant and 
aborted in October, 1912. In February, 1913, she became pregnant again and 
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This hypothesis may be strengthened by a detailed examination of 
the histories of these mothers. In the citations which follow there 
have been recorded, so far as the records permit, any complicating 
disorders which might have influence on the physical condition of 
the mother prior to onset of pellagra. The cases are grouped for 
consideration according to the year of onset, with the exception of 
those incident in a year prior to 1908. The latter are considered in 
one group. Of these, twenty-eight were of childbearing age at time 
of onset and for three of them there is history of childbirth within 
a period of six months preceding the onset of pellagra. 

Pellagrin 354 was 16 years old when she suffered her first attack of pellagra 
in the summer of 1901, following childbirth. In this case is recorded the com- 
plication of puerperal insanity, which appeared just prior to development of 
pellagra. The initial attack was a severe one, in which' skin, gastro-intestinal 
and mental symptoms were well marked. The patient gave a history of recurrent 
erythema and mental disturbance nearly every summer to death in February, 
1910. 

Pellagrin 1024, aged 23 at onset, had her initial attack in the summer of 1905, 
following a childbirth. For this case there is a history of freedom from attack 
for four years subsequent. But in 1910 she again developed frank symptoms and 
continued to suffer recurrences each summer to 1914, inclusive. 

Pellagrin 543, aged 36 at onset, suffered her first attack of pellagra in the 
spring of 1906, about two months after childbirth. She suffered annual recur- 
rence to 1913. In 1914 she remained free from recurrence up to the time of her 
last observation, which was made in July. 

Of the thirteen white women of childbearing age with onset of 
pellagra in 1908, there is one for whom there is recorded a childbirth 
preceding the onset of pellagra. 

Pellagrin 1024, aged 23 at onset, had her initial attack in the summer of 1905, 

1908. ' In July of .the same year symptoms of pellagra first developed and per- 
sisted to her death in January, 1909. 

In 1909 there were thirty instances of initial attack of pellagra 
among white women of childbearing age. For one of these there is 
a history of childbirth prior to onset. 

Pellagrin 59, aged 35 at onset, first developed symptoms of pellagra in March, 

1909, three months after the birth of her child. At this time she suffered from 
loss of appetite, insomnia and nervousness. The erythema in this first attack 
did not appear until June. She suffered a recurrence each summer ther.ea er 
to 1914, during which year she remained free from symptoms. 

Of the seventy white women of childbearing age who suffered 
initial attacks in 1910, there were seven who gave a history of child- 
birth prior to attack of pellagra. 

Pellagrin 702, aged 23 at onset, suffered her first attack in October, 19 10. 
After the birth of twins earlier in the year menstruation had not reappeare . 
She suffered recurrences in 1911 and 1912. In 1913, after a childbirth in > 
she had a recurrence of symptoms in May. In April, 1914, she also su 


recurrence. 
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of the instances of childbirth early in the year were followed by 
recurrence within three months and the one instance of childbirth late 
‘ in the summer was followed by a recurrence of pellagra within one 
month. 

Among the white pellagrins with initial attack in 1910 there are 
seventeen with a definite history of pregnancy or of childbirth 
subsequent to onset. 

Pellagrin 824, aged 17 at onset o£ pellagra in 1910, suffered a mild recur- 
rence in 1911, apparently during a pregnancy which began in April. Her child 
was born in December. In 1912, 1913 and 1914 she remained free from 
recurrence of pellagra. 

Pellagrin 750 was 18 years of age when she had her initial attack in 1910. 
For 1911 and 1912 there are no definite records of recurrence. In July, 1912, 
she became pregnant and gave birth to a child in March, 1913. The following 
August she suffered a mild recurrence and again had a renewal of symptoms 
in 1914. 

Pellagrin 275 had her first attack of pellagra in the spring of 1910, when 
she was 18 years old. She has had a recurrence each year thereafter up to 
and including 1914. In 1913 she became pregnant in March, suffered a mild 
recurrence of pellagra in June and was delivered the following December. 
This is an instance of recurrence of pellagra coincident with pregnancy during 
the summer season. • 

Pellagrin 1153, aged 19 at the time of onset of pellagra in the summer 
of 1910, remained entirely free from symptoms of pellagra during the four 
years subsequent. In 1913 a childbirth was recorded, but the sedson of preg- 
nancy was not noted. 

Pellagrin 702, aged 23, suffered her first attack in October, 1910. She had 
recurrences each year thereafter. She gave birth to a child in April, 1913, 
and suffered a recurrence of pellagra in May, 1913. 

Pellagrin 544, aged 23, suffered her first attack in the fall of 1910, about 
one month after childbirth. In 1911 she was free from symptoms. She also 
gave birth to a child in the summer of that year, but the exact month of 
delivery is not recorded. In 1912 she was also free from recurrence of pel- 
lagra, but in 1913 after giving birth to a child in April she promptly devel- 
oped pellagrous symptoms. For 1914 the record is uncertain. 

Pellagrin 112, aged 24, first developed symptoms of pellagra in June, 1910, 
a few weeks after childbirth. In 1911 she suffered a recurrence and also had 
an induced abortion at six months in December. She remained free from 
symptoms during 1912, again becoming pregnant in December, 1912. In 
April, 1913, she suffered a mild recurrence while still pregnant. The child 
was born in August of the same year. In 1914 the patient remained free 
from symptoms. 

Pellagrin 218, aged 25, had her initial attack in the summer of 1910, the 
exact month of onset being unrecorded. In June, 1910, she became pregnant, 
giving birth to a child in February, 1911. Early in 1911 she had a recurrence 
of pellagra, but the exact date is not recorded. In April of the same year 
she again became pregnant and the child was born in January, 1912. The 
following March she suffered her second recurrence. In May, 1913, pellagrous 
symptoms again developed. In July, 1913, she became pregnant a third time, and 
five weeks after delivery, on March 2S, 1914, she suffered her fourth recur- 
rence of pellagra. Here, then, are three instances of recurrence following 
within three months after childbirth. 

Pellagrin 282, aged 26, had her initial attack in September, 1910. She had a 
recurrence in September, 1911, but in 1912 she. remained free from symptoms. 
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She also escaped recurrence in 19 i 3 ( 


year she was pregnant until November, 
but suffered an attack in 1914. 

. Pellagrin 1137, aged 34 at onset of pellagra in the spring of 1911, gives a 
history of the appearance of. pellagrous symptoms following the birth of her 
two children in 1911 and 1913, respectively. In 1912 and 1914 she remained free 
from the disease. 


Pellagrin 238, aged 38 at onset, gave birth to a child in February, 1911, and 
suffered her first attack of pellagra in the following May or June. After that 
she remained entirely free from symptoms up to the last observation in June, 


Of the eighty white women of childbearing age with onset in 1912, 
there are five with definite record of childbirth just prior to the initial 
attack of pellagra. 

Pellagrin 596, aged 19 at onset, gave birth to a child in December, 1911. 
The following spring (1912) she had her initial attack of pellagra. In July, 
1913, she had a recurrence. She was pregnant in 1914 from February and 
remained free from symptoms during that year. 

Pellagrin 614, aged 27 at time of onset, suffered her initial attack of pellagra 
shortly after giving birth to a child in August, 1912. In 1913 and 1914 she suf- 
fered complete, though mild, recurrences in May and March, respectively. In 
1914 she was pregnant until July. 

Pellagrin 1000, aged 29 at onset, was in poor health after the birth of her last 
child in January, 1912. The following March (1912) the erythema appeared 
for the first time. In March, 1913, she suffered a recurrence of symptoms and 
she died in April, 1913. ' 

Pellagrin 164, aged 30 at the time of onset, suffered an initial attack of pel- 
lagra in June, 1912, two months after the birth of a child. In 1913 she was 
pregnant from June. She remained free from symptoms during 1913. In 
February, 1914, she gave birth to a child, but up to June of that year had suf- 
fered no recurrence. 

Pellagrin 1185, aged 35 at onset, gave birth to a child in January, 1912. She 
had her initial attack in the following April (1912). In 1913 she remained free 
from symptoms, but suffered a recurrence in 1914. 

In 1913 there were 114 white women of childbearing age who had 
an initial attack of pellagra. For twenty-one of these there is a record 
of a childbirth prior to onset. 

Pellagrin 798, aged 18 at time of incidence in June, 1913, had given birth to a 
child three months before. She died of pellagra in July, 1913. 

Pellagrin 635, aged 20 at onset, had given birth to a child late in December, 

1912. Pellagra developed the following April (1913). During 1914 she remained 

free from symptoms. _ ... 

Pellagrin 872, aged 22 at the time of onset, gave birth to a child va. m&y, 

1913. The following June she developed an initial erythema. In 1914 s ie 
remained free from symptoms. 

Pellagrin 549 was 23 years old when she had her first attack of pellagra m 
June, 1913. She had given birth to a child the preceding March. She remained 
free from recurrence the following year. . 

Pellagrin 1034, aged 23 at onset, suffered a first attack of pellagra in Augus , 
1913, just one month after giving birth to a child. She had a recurrence 

J Pellagrin 837, aged 23 at the time of onset, gave birth to a child in March, 
1913. She developed pellagrous symptoms for the first time in August, m • 
In 1914 she escaped recurrence. 
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of childbirth subsequent to initial attack of pellagra in 1910, therefore, 
eight occurred in the spring, five in the summer, seven in the fall and 
for one the exact season was not record'ed. In six instances of 
delivery in the spring a recurrence of pellagra appeared within three 
months after childbirth, in one case the mother remained free from 
symptoms and in one instance a severe recurrence during late preg- 
nancy persisted till death two months after delivery. Of the five 
instances of childbirth in the summer, all but one were free from 
recurrence of symptoms during the following three months. Of the 
seven instances of childbirth in the fall and winter, none was followed 
by recurrence of pellagra within three months. 

There are twenty-two white pellagrins with initial attack in 1911 
who have a record of pregnancy or of childbirth subsequent to onset 
of pellagra. 

Pellagrin 896 was 19 years old when she had her first attack in April, 1911. 
In the following September she became pregnant and gave birth to a daughter in 
May, 1912. Near the termination of this pregnancy, in April, 1912, she suffered 
a mild recurrence of pellagra. She had recurrence also in 1913 and 1914. 

For history of Pellagrin 62 see section on Initial Attack During Pregnancy. 

Pellagrin 269, aged 23, suffered her first attack of pellagra in May, 1911, 
just three weeks after the birth of her child. She had a recurrence in May, 

1912. That same year she became pregnant in November and the following 
spring she suffered a mild recurrence before her child was born. She also 
had a recurrence in 1914. 

For history of Pellagrin 568 see section on Initial Attack During Pregnancy. 

For history of Pellagrin 724 see section on Initial Attack During Pregnancy. 

Pellagrin 726 was 25 years old when she suffered her first attack of pellagra 
in May, 1911. In January, 1912, she became pregnant and she remained free 
from pellagrous symptoms during that year. She also escaped recurrence in 

1913, but in June, 1914, while she was again, pregnant, she suffered a mild 
recurrence of symptoms three weeks before the birth of her child. 

Pellagrin 678, aged 26 at onset, suffered her initial attack in the summer of 
1911, following a childbirth in March. In February, 1912, she again became 
pregnant, giving birth to a son in October. She remained free from symptoms 
of pellagra during that entire year and she remained free from recurrence of 
the disease up to the last observation in May, 1914. 

Pellagrin 1033, aged 27 at onset, had her initial attack in the spring of 1911. 
The year following she suffered a recurrence in March. In September, 1912, 
she became pregnant and the following spring mild pellagrous symptoms again 
appeared before the birth of her child in May, 1913. She also had a recurrence 
in 1914. 

Pellagrin 122, aged 27, suffered her initial attack the latter part of March, 
1911, in which month she had given birth to a child. In December, 1911, she 
again became pregnant and escaped recurrence of the disease during 1912. She 
also remained free from symptoms during 1913 and 1914. 

Pellagrin 21 was 2 i years of age when she suffered her first attack in May, 

1911. The following July she became pregnant and after a childbirth in March, 

1912, she had a recurrence of pellagra in May. In 1913 she also had a recur- 
rence in March, which subsided by July. This patient died March 4, 1914, with-, 
out recurrence. 

Pellagrin 879 had her initial attack in April, 1911, when she was 29 years of 
age. In March, 1912, she gave birth to a daughter. She escaped recurrence 
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Pellagrin 1155, aged 22 at time of onset, gave birth to a child in the latter 
part of January, 1914., She first developed erythema in the following Tulv 

Pellagrin 954, aged 26 at onset, suffered an initial attack in Tune 1014 
about six weeks after a childbirth. ’ ’ 

Pellagrin 1019, aged 27, gave birth to a child early in May, 1914, and first 
developed pellagrous symptoms about two weeks after delivery. 

Pellagrin 1011, aged 29 at onset, gave birth to a child the last of May, 1914 
and two months later suffered an initial - attack of pellagra. In the case of 
this patient there was a complication of diarrhea which had persisted from 
the fall of 1913. 

Pellagrin 1161, aged_ 33 at time of onset, gave birth to a child in March, 
1914, and developed initial pellagrous symptoms about four weeks after delivery! 


TABLE 3. — Pellagrins Who Suffered the Initial Attack -Within 
One Month After Childbirth 


Pellagrin 

Number 

Ago at 
Onset 

Date of 
Childbirth 

Onset of 
Pellagra 

Interval Indicated by 
the Original Record 

White Womon — 



• 


354 

16 

Summer, 1901 

Summer, 1901 

Following childbirth 

1024 

23 

Summer, 1905 

Summer, 1905 

Following childbirth 

1107 

18 

Summer, 1908 

July, 1908 

Following soon after 

544 

23 

Pall, 1910 

Pall, 1910 

About one month after 
childbirth 

098 

27 

May, 1910 

June, 1910 

One month 

800.. 

32 

August, 1910 

August, 1910 

Following childbirth 

269 

23 

May, 1911 

May, 1911 

Three weeks after child- 
birth 

9SO 

25 

June 5, 1911 

June, 1911 

Soon after childbirth 

122 

27 

March, 1911 

Late March, 1911 

Two or three weeks 

81 

27 

May 8, 1911 

June, 1911 

About one month 

1137 

34 

Spring, 1911 

Spring, 1911 

Following childbirth 

614 

27 

August, 1912 

September, 1912 

Following childbirth 

1034 

23 

July 1, 1913 

August, 1913 

One month 

700 

29 

May, 1913 

May, 1913 

At about same time 

1019 

27 

May, 1914 

May, 1914 

About two weeks 

1161 

33 

March, 1914 

April, 1914 

Four weeks 


Of the 101 colored women incident before 1915, there is a histoxy 
of a previous childbirth for four. 

Pellagrin 410, aged 25 at onset, first developed symptoms of pellagra in the 
spring of 1913', following a childbirth, the '"exact date of which is not recor e . 

She died of pellagra in July, 1913. , 

Pellagrin 943, aged 21, gave birth to a child m January, 1914. during . 
early months of her pregnancy she had lived with her grandmother, e g 
539, who died of pellagra during the summer of 1913. The P atlent re ™ ths 
free from symptoms during that year. In May, 1914, however, fou 
after the birth of her child, she developed pellagra for the first time. 

Pellagrin 1094, aged 21 at onset, gave birth to a child early in June, 

In August she suffered an initial attack of pellagra. . 

Pellagrin 923, aged 24 at the time of onset, developed pellagra tor 
first time in May, 1914, about four or five months subsequent to a cnnau 
The symptoms persisted until death, June 24, 1914. 
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two with summer recurrence during pregnancy, one mild and one 
pronounced, while nine were free from symptoms. 

Among the white pellagrins incident in 1911 there were three who 
were pregnant at the time of onset of pellagra. /For these three 
instances of childbirth subsequent to onset, as well as for the twenty- 
two instances of pregnancy subsequent to onset cited above, the history 
of the mother in the three months following delivery may be consid- 
ered. Of these twenty-five instances of childbirth, four occurred in 
the early months of the year and for only one of these was there 
history of recurrence of pellagra within three months. Of the nine 
instances of childbirth in the summer, only three were followed by 
recurrence within three months. Of the eleven instances of a delivery 
in the fall months, nine were recorded as free from symptoms in the 
months immediately following, while for two 1914 cases the records 
were incomplete because our field observations ceased in the fall of 
that year. 

There were sixteen white pellagrins who suffered their initial 
attack in 1912 and whose records of childbirth or of pregnancy in 
subsequent years are sufficiently definite to be utilized in this 
discussion. 

Pellagrin 593 was 16 years old at the time of onset in August, 1912. She 
was pregnant throughout the spring and summer months of 1913, giving birth to 
a child in August, 1913. She escaped recurrence in 1913, but suffered a mild 
attack of pellagra in 1914. 

Pellagrin 55 had her initial attack in June, 1912, when 19 years of age. She 
remained free from symptoms of pellagra in 1913, during which year she was 
pregnant from April. Her history for 1914 is incomplete. 

For history of Pellagrin 280 see section on Initial Attack During Pregnancy. 

Pellagrin 596 gave birth to a child in December, 1911. The following spring 
(1912) when she was 19 years old, her first attack of pellagra developed. She 
suffered a recurrence of the disease in 1913. In February, 1914, she became 
pregnant again and remained free from symptoms of pellagra for the year 
1914 to our last observation in June. 

Pellagrin 884 suffered her initial attack of the disease in the summer of 1912, 
when she was 20 years of age. The following summer she had a severe recur- 
rence of pellagra. She became pregnant in June, 1913. The childbirth in 
March, 1914, was followed by a severe recurrence of symptoms in May. 

Pellagrin 5 ( 62, aged 23 at onset, suffered her initial attack of the disease in 
the spring of 1912, the exact month of onset being unrecorded. In April, 1912, 
she became pregnant, giving birth to a child the following December. She had 
a recurrence of pellagrous symptoms in May, 1913. In 1914, however, she was 
pregnant until well into July and remained free from symptoms up to the time 
of our last observation in the early part of July, 1914. 

Pellagrin 102 was 24 years of age when she had her initial attack in “May, 
1912. She remained quite free from symptoms in 1913. In March, 1914, she 
became pregnant and had also escaped recurrence in that year to the date of our 
last observation, in October, 1914. 

Pellagrin 833, aged 26 at onset in April, 1912, became pregnant in November 
of the same year. In May, 1913, while she was still pregnant, a mild recur- 
rence of pellagra developed. She suffered recurrence also in 1914. 

Pellagrin, 614, aged 27 at onset, suffered her first attack in September, 1912, 
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ceding years. In this connection it should be mentioned that the 
records for the latter part of 1914 are incomplete because of. the 
termination of the field work of the commission in the fall of that 
year. 

The fifty-seven examples of onset of pellagra within six months 
after childbirth are presented in Tables 3, 4 and 5, separately, accord- 
ing to the length of the interval between childbirth and the onset of 
the initial attack. Those with onset of pellagra in the first month 


TABLE 5. — Pellagrins Who Suffered the Initial Attack Later Than 
Three Months But Within Six- Months After Childbirth 


Pellagrin 

Number 

White Women — 

59 

292 

678 

231 

238 

596 

635 

• 337 

552 '. 

576 

591 

453 

1031 

537 

610 

1250 

1155 

Colored Women — 
943 

923 


Age at 
Onset 

Date of 
Childbirth 

Onset of 
Pellagr'a 

Interval Indicated by 
the Original Record 

35 

December, 1903 

June, 1909 

‘ Six months 

39 

January, 1910 

June, 1910 

Five months 

26 

March, 1911 

Summer, 1911 

Not recorded 

32 

Pebruary, 1911 

July, 1911 

Five months 

38 

February, 1911 

May or June, 
1911 

Three or four months 

19 

December, 1911 

Spring, 1912 

Not recorded 

20 

Dec. 22, 1912 

April, 1913 

Four months 

23 

March, 1913 

August, 1913 

Five months 

24 

January, 1913 

May, 1913 

Four months 

25 

December, 1912 

Juno, 1913 

Six months 

26 

January, 1913 

June, 1913 

Five months 

26 

Jan. 10, 1913 

May, 1913 

Four months 

29 

January, 1913 

July, 1913 

Six months 

29 

October, 1912 

March, 1913 

Five months 

32 ' 

December, 1912 

June, 1913 

Six months 

20 

May, 1914 

October, 1914 

, Five months 

22 

January, 1914 

July, 1914 

Six- months 

21 

January, 1914 

May, 1914 

Four months 

24 

January or Feb- 
ruary, 1914 

May, 1914 

Three or lour months 


after delivery are shown in Table 3. These number sixteen, all white 
women, and constitute 32.2 per cent, of the white women in the w ° e 
group. In Table 4 are shown the twenty-two pellagrins who sujtere 
initial attack in the second and third months following 'child bir • 
Twenty of these were white women, making up 37.7 per cent, o e 
fifty-three white women in the whole group. In Table 5 are 
nineteen pellagrins who developed the disease in the fourt i, 
sixth month following childbirth, seventeen of these being w 
women. This group is approximately equal to that shown in a 
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Of the white pellagrins who suffered an initial attack in 1913, 
there are eleven with definite record of pregnancy or of a childbirth 
subsequent to onset. 

Pellagrin 613 was 21 years old when she suffered her initial attack of pel- 
lagra in 1913. She was pregnant during the spring and early summer of 1914,^ 
being delivered prematurely in July. In this case the delivery at the seventh 
month of pregnancy did not seem to lessen her apparent resistance to attack 
during that year, for she remained quite free from symptoms of pellagra up to 
our last observation, July 20, 1914. 

For history of Pellagrin 1167 see section on Initial Attack During Pregnancy. 

Pellagrin 600, aged 26 at onset in July, 1913, became pregnant late in the fall. 
In 1914 she remained free from recurrence during the period of pregnancy. 
After giving birth to twins in July, she suffered a mild recurrence of pellagra 
in August. 

Pellagrin 873 was 27 years of age when she had her initial attack in 1913, 
the exact month of onset being unrecorded. In the spring of the same year she 
became pregnant, giving birth to a child in January, 1914. In April, 1914, she 
suffered a recurrence of symptoms. 

Pellagrin 498, aged 28 at onset, gave birth to a child about three months 
before the pellagrous symptoms first appeared in 1913. In January, 1914, she 
again became pregnant and remained quite free from recurrence for that year 
to the date of the last observation, Sept. 12, 1914. 

Pellagrin 99 7 had her first attack in July, 1913, when 29 years of age. She 
became pregnant in February, 1914, and remained free from symptoms for that 
year to the date of the last observation, July 20, 1914. 

Pellagrin 537, aged 29 at the time of onset in March, 1913, had been in poor 
health following her last confinement in October, 1912. In January, 1914, she 
again became pregnant and escaped recurrence of pellagrous symptoms during 
1914 to the date of our last observation, Sept. 2, 1914. 

Pellagrin 450 suffered her initial attack in the spring of 1913, when 30 years 
of age. In 1914 she was pregnant and remained quite free from symptoms up 
to the last observation in June. 

Pellagrin 1207, aged 31 at the time of onset in 1913, became pregnant in the 
latter part of that year and gave birth to a child in June, 1914. She, however, 
did not escape pellagrous symptoms in. 1914, and suffered a 'mild recurrence in 
the spring, while still pregnant. 

Pellagrin 889 suffered her first attack in May, 1913, when 31 years of age. 
One week after the birth of a daughter in April, 1914, she suffered a recur- 
rence of pellagra. 

Pellagrin 518, aged 39 at the time of onset in February, 1913, remained free 
from symptoms in 1914. She was pregnant during the greater part of the 
pellagra season, giving birth to a child in June or July, 1914. 

For histories of Pellagrins 1267 and 964, with onset in 1914, see section on 
Initial Attack During Pregnancy. 

Among the white pellagrins with initial attack in 1913 there were, 
therefore, nine instances of- subsequent pregnancy, of which one ter- 
minated in the spring, five in the summer and three in the fall. In 
the case of the pregnancy with termination in the spring the patient 
remained entirely free from symptoms of pellagra during the period of 
gestation. Of the five pregnancies with childbirth in the summer, 
there was entire freedom from symptoms in four, while in the fifth 
a mild recurrence of pellagra appeared in the seventh month. For the 
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in order to ascertain whether there is any correlation, either positive 
or negative, between the pregnant state and recurrence of pellagra or 
between the puerperal state and recurrence of pellagra. In the preced- 
ing paper 5 6 of this series has been presented the correlation between 
recurrence of pellagra, on the one hand, and race, sex and age, on the 
other, and it was there suggested that pregnancy and childbirth seemed 
to influence the behavior of the women in respect to recurrence. In that 
paper all the women who suffered the initial attack of pellagra previous 
to the year 1914 were considered. Here, those of this sam,e group for 
whom there is a definite record of pregnancy or of childbirth after the 
onset of pellagra will be considered. 

There are, in all, eighty-three white women and four colored 
women in this category, including fifteen 0 of the twenty women who 
suffered the initial attack of pellagra during pregnancy. For a con- 
siderable part of these, however, there is a definite record of more than 
one pregnancy per patient, so that the number of instances of preg- 
nancy or of childbirth in surviving pellagrins available for the present 
discussion is 101 in white women and five in colored women. 

Among the white pellagrins with onset previous to 1908 there is 
only one with a definitely recorded history of pregnancy or childbirth 
subsequent to onset of pellagra. 


Pellagrin 70, aged 27, suffered her initial attack in 1905. Every spring 
thereafter she had bowel trouble, sore mouth and nervous disturbance, but 
the evidence of definite recurrent erythema is lacking until 1913. She was 
pregnant in 1907 or 1908 and miscarried, but the record of this pregnancy is 
not definite enough to be of value here. In 1913 she gave birth to a child in 
April, suffered a definite recurrence of pellagra in August and died in Janu- 
ary, 1914, of pellagra and complicating disorders. 

4 - 

Of the white pellagrins who survived the initial attack in 1908 
there are five with definite record of pregnancy or of childbirth after 
the onset of pellagra. 

For the history of Pellagrin 186 see the section on Initial Attack During 

Pregnancy. ... 0 ... 

Pellagrin 432, aged 24, suffered her first attack of pellagra in 190°; ' 
severe recurrence in 1909, but no recurrence in 1910. She became P regnan , 
in August, 1910, giving birth to her child in May, 1911. The years 19 a " 
1912 were passed without reappearance of pellagra. She again conceive 
August, 1912, and was delivered in May, 1913. This time an attack of penafe 


5. Siler, J. F., Garrison, P. E., and MacNeal, W. J. : Th ® m 

Recurrent Attacks of Pellagra to Race, Sex and Age of the a i 
T reatment of the Disease, The Archives Int. Med., 1916, 18 , 652. ^ , 

6. For three cases with onset of pellagra in 1914 during pregnancy, 

Pellagrins 977, 958 and 1078, data subsequent to delivery are. not av ’ • 

For two cases, Pellagrins 827 and 260, with initial attack during p ^ 

pellagrous symptoms persisted after delivery. These five cases are e.\ 
from this category. 
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during pregnancy persisted for several weeks afterward. For the 
instance of delivery in the fall there was no record of recurrence 
within three subsequent months. 

In the records of all these pellagrins there were eighty-seven 
instances of pregnancy beginning subsequent to onset of pellagra and 
there were eighty-eight instances of childbirth taking place subsequent 
to the initial attack of the disease. The instances in these two cate- 
gories are not equal in number, because the first contains sixteen 7 
instances of pregnancy during 1914 for which there are no records for 
the months following childbirth, and which, therefore, cannot be 
utilized in the second -category. Moreover, the second group includes 
not only fifteen of the twenty cases of onset during pregnancy for 
which there is history subsequent to delivery, but also four cases in 
which it is uncertain whether the initial attack occurred before or 
during pregnancy, but for which subsequent history of childbirth and 
puerperium is available. Furthermore, two instances of pregnancy 
with recurrence can be utilized in the first category, but must be 
omitted from the second, since the recurrent pellagrous symptoms 
persisted for many weeks after delivery in each case. 

RELATION OF PREGNANCY TO RECURRENT PELLAGRA 

Those patients who survived the initial attack of pellagra present 
definite records of eighty-seven instances of pregnancy subsequent to 
the onset of pellagra. Eighty-two of these pregnancies occurred in 
white women. In three of these the record in regard to recurrence 
of pellagra is uncertain. In seventeen of the remaining seventy-nine 
instances, or 21.5 per- cent., a recurrent attack of pellagra appeared 
during the pregnancy, while in sixty-two instances, or 78.5 per cent., 
the disease did not recur during pregnancy. The colored race presents 
five instances of pregnancy, a recurrence of pellagra appearing during 
pregnancy in only one instance, 20.0 per cent, of the five. Table 6 
shows a summary of these observations. It is at once evident that 
the pregnant pellagrins have been very much less liable to recurrence 
than pellagrous women in general, for whom, as was shown in the 
preceding paper of this series, the annual recurrence rate was 63 per 
cent. 

The data in regard to the eighteen recurrences of pellagra during 
pregnancy are summarized in Table 7. In these eighteen recurrences 
there was not one instance of death from pellagra during the period of 
pregnancy. In one case, however, the mother died of pellagra shortly 
after the birth of her child. In three other cases the attack was 

7. For ten of these instances of pregnancy in 1914 no recurrence was recorded 
to the date of the last observation late in the respective period. We feel justi- 
fied, therefore, in utilizing these in the pregnancy group. 
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remained entirely free from symptoms for that year. In 1914 she acrain <t„f 
fered a recurrence of pellagra. & l ~ 

Pellagrin 178 was 23 years old at the time 'of her initial attack in the 
spring of 1909. She recovered and remained free from symptoms until 1912 
After childbirth early in 1912 she suffered a recurrence of pellagra in March 
and in 1913 she had another mild recurrence. In January, 1914, she became 
pregnant and escaped recurrence of pellagra to the date of the last obser- 
vation, July 7, 1914. 

Pellagrin 151 suffered her first attack in March, 1909, when 23 years of age. 
Each subsequent spring she had a recurrence up to and including 1912. * In 
July, 1912, she became pregnant. Pier baby was born in March, 1913. She 
remained entirely free from symptoms of pellagra during 1913 and 1914. 

Pellagrin 119, aged 25, had her initial attack in July, 1909. The following 
March she became pregnant and remained free from symptoms of pellagra 
during 1910. In 1911 she had no recurrence and again became pregnant in 
August. After a winter pregnancy, terminated by childbirth April 29, 1912, 
she remained quite free from symptoms during 1912, but in 1913 she suffered 
a recurrence. She is without record in 1914. 

Pellagrin 140, aged 25, suffered her first attack in May, 1909. She had 
a recurrence in 1910, and in 1911 the symptoms reappeared in April. In 
June, 1911, she became pregnant. After giving birth to a child in February, 
1912, she had a very severe recurrence in June, 1912, and died of pellagra on 
Aug.. 17, 1912. 

Pellagrin 80 was 26 years old when she suffered her initial attack early 
in the summer of 1909. In 1910 she had no recurrence of pellagra, but in 
July, 1911, while she was pregnant, she had a very severe recurrence and 
after delivery in August, 1912, her hands broke out a second time. Thereafter, 
from 1912 to 1914, inclusive, she was entirely free from symptoms of the disease. 

For history of Pellagrin 644 see section on Initial Attack During Pregnancy. 

Pellagrin. 1346, aged 30 at the time of onset of pellagra in 1909, suffered 
recurrences in 1910 and 1911. In 1912 she was pregnant until September and 
during that year remained free from symptoms. In 1913 she also escaped 
recurrence of the erythema, although she had sore mouth and some physical 
weakness. She is without record for 1914. 

Among the white pellagrins with initial attack in 1909 there were, 
therefore, thirteen instances of pregnancy subsequent to onset of 
pellagra. In five cases childbirth occurred in the early months of the 
year (from January to April, inclusive), in one case it occurred in 
late summer and in six instances the period 1 of pregnancy . extended 
over the entire pellagra season, with termination in the fall. In one 
instance the exact season of gestation was not recorded^ With one 
exception the patients were entirely free from symptoms of- pellagia 
during all these pregnancies. In the case of the pregnancy with sum- 
mer termination, however, a severe recurrence was suffered m tie 
eighth month and after childbirth in August a second eryt ema 

developed within four weeks. , 

There was one case of initial attack during pregnancy with sub- 
sequent childbirth, making a total of fourteen instances in this category 
in 1909. For one 1914 pregnancy records of subsequent history 
not available. For ten of the thirteen remaining cases there was n 
recurrence of pellagra for three months subsequent to deivery, 
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undoubtedly severe, although followed by complete recovery for that 
year. One of these three patients, Pellagrin 80, gave a history of only 
the one recurrence after her initial attack in 1909. In the case of 
another, Pellagrin 62, the disease recurred regularly each year after 
onset in 1911; while in the case of the third, Pellagrin 67, a colored 
woman, the second recurrence in the year following the childbirth 
ended in death. There remain fourteen instances, or 77.8 per cent, of 
the total number of recurrences during pregnancy, in which the attack 
of pellagra was mild. 

TABLE 8. — Distribution of Recurrences of Pellagra During Pregnancy 
According to Month of Gestation 


Definite Month Month Uncertain 


Period of gestation i 1 

2 

3 4 

5 C 

7 

8 

9 Early 

Middle Late 

Number of recurrences j 0 

0 

0 1 

1 1 

! 

•1 

1 

4 

1 2 

1 i 3 


The distribution of the recurrent attacks according to the month 
of gestation is shown in Table 8. The bulk of the attacks of pellagra 
appeared after the sixth month. Furthermore, the three severe attacks 
observed are recorded as occurring in the middle of the period of 


5 10 15 20 25 30 



Fig. 3. — Recurrent attacks of pellagra during the first, second and last three 
months of pregnancy. The total length of the bar indicates the number of 
instances of recurrence beginning in the respective three-month period. The more 
thickly shaded portion indicates the number of instances in which the attack 
of pellagra was severe. 

gestation, late in pregnancy and in the eighth month of pregnancy, 
respectively. It would appear, therefore, that the protective influence 
of pregnancy is greater in the earlier months. 

In Table 9 the eighty-seven instances of pregnancy in pellagrins 
are summarized according to the season of the year in which the preg- 
nancy terminated or was expected to terminate. From this tabulation 
it is' evident that the season of the year plays a part in determining 
whether recurrence of pellagra shall take place during pregnancy. 
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In 1913, after a childbirth in July, she had a recurrence of pellagra with two 
eruptions of the erythema, and she also had a renewal of symptoms in 1914 

For history of Pellagrin 95 see section on Initial Attack During Pregnancy. 

Pellagrin 127, aged 28 at onset of pellagra in 1910, suffered a recurrence the 
following year, but remained free from symptoms in 1912. In 1913 she became 
pregnant in May and escaped recurrence that year. In 1914, after a childbirth 
in February, she suffered a recurrence of symptoms in the early summer. 

Pellagrin 171 was 28 years old when she had her initial attack of pellagra 
in October, 1910. She had a recurrence in April, 1911, but in 1912 she was 
pregnant from January and the symptoms of pellagra did not appear. She 
was again pregnant from January, 1913, and remained free from the disease 
during that year. In 1914, however, she had a mild recurrence. 

Pellagrin 279 was 29 years of age at onset of pellagra in July, 1910. She 
had a recurrence in 1911, but remained free from symptoms during 1912 and 
1913. In February, 1914, she became pregnant and escaped recurrence in that 
year to the date of the last observation, July 20, 1914. 

For history of Pellagrin IS see section on Initial Attack During Pregnancy. 

Pellagrin 860, aged 32, developed her first erythema in August, 1910, shortly 
after childbirth. During the three following years she remained free from symp- 
toms. In February, 1914, she suffered a severe recurrence about five weeks 
before the birth of her child and she died of pellagra two months after 
delivery. 

Pellagrin 6, aged 32, had her initial attack in April, 1910. The following 
October she became pregnant and remained free from symptoms in 191 lr. being 
delivered in June. In 1912 she had a recurrence and died Aug. 21, 1912. 

Pellagrin 29, aged 40 at the time of onset in 1910, suffered a recurrence in 
1911 and 1912. In 1913 she remained free from symptoms and became preg- 
nant in the fall of the same year. She gave birth to a child in May, 1914, and 
escaped recurrence during that year also. 

There are, therefore, among the white pellagrins incident in 1910 
nineteen instances of pregnancy subsequent to onset of pellagra. Seven 
of these terminated early in the year, five in the summer, six in the fall 
months and for one the exact season was not recorded. Of the preg- 
nancies with termination in the spring, five were quite, free from mani- 
festations of pellagra, a severe recurrence in the eighth month was 
suffered in one and for the seventh there was no definite history. Of 
the five pregnancies with childbirth in the summer, four were free 
from symptoms and a mild recurrence in the fifth month of gestation 
occurred in the fifth case. Of the six instances of pregnancy with 
fall termination, three were entirely free from symptoms, mild recur- 
rences in the early months were suffered in two and for the sixti 
there was no definite history. 

Among the white pellagrins incident in 1910 there were two cases 
of onset during pregnancy and one case in which the onset mont 
was uncertain, with subsequent childbirth. For these three cases o 
childbirth subsequent to onset, as well as for eighteen of the nine e 
instances of pregnancy just mentioned above, the pellagrous llstor ^^ 
the mother following delivery may be considered. For °" e , 
pregnancy subsequent history is not available, because our e o 
vations ceased in the fall of that year. Of the twenty-one ms a 
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When the pregnancy began in the early summer, namely, from April 
to July, inclusive, and terminated in the period from January to April, 
inclusive, recurrence of pellagra rarely appeared during the course of 
the pregnancy. This period, of course, corresponds with the nine 
months of the year in which onset of pellagra is least frequent in the 
general population. The pregnancies which began in the period 
August to November, inclusive, or, roughly, the autumn months, and 
terminated in the period from May to August,, inclusive, showed the 
greatest frequency of recurrent attacks of pellagra, namely, 37.5 per 
cent. In these cases the later months of pregnancy coincided with 
those months of the year in which the attack of pellagra is 'most usually 
initiated in the general population, namely, April, May and June. The 
pregnancies of the third group began in the period from December to 
March, inclusive, or, roughly, the winter months, and terminated in 



Fig. 4. — Recurrence of pellagra during pregnancy ending in different seasons.' 
The number of instances of childbirth in each four-month period is indicated 
• by the total length of the bar. The number of instances in each group in which 
recurrence of pellagra appeared during the period of gestation is indicated by 
the shaded portion of the respective bar. 

the period September to December, inclusive. All of these pregnancies 
extended throughout the pellagra season. Nevertheless, in only 15.6 
per cent, of them did recurrence of the disease appear during preg- 
nancy. The months of greatest pellagra incidence, namely, April, May 
and June, here coincided with the earlier months of pregnancy rather 
than the later months, so that the low recurrence rate here supports 
the suggestion that the protective influence of pregnancy is more pro- 
nounced in the earlier rather than the later part of the period of 
gestation. 

RELATION OF CHILDBIRTH TO RECURRENT PELLAGRA 

There are eighty-eight instances of childbirth among pellagrins for 
whom there are records subsequent to the childbirth. The behavior 
during the three months following childbirth in these eighty-eight 
instances is summarized in Table 10. The frequency of recurrence in 
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during 1912. She also remained free from symptoms of pellagra in 1913 in 
which year she again became pregnant in April. She suffered a recurrence of 
pellagra in April, 1914. . 

Pellagrin 281 was 32 year’s of age at the time of onset of pellagra in July 
1911. In February, 1912, she became pregnant and escaped recurrence for that 
year. She also remained free from symptoms in 1913, but suffered a recurrence 
in 1914. 

Pellagrin 84, aged 32 at the time of her initial attack in 1911, became preg- 
nant in October of that same year. She suffered a recurrence in July, 1912, 
only a few weeks after the birth of her child. In 1913 and 1914 she was free 
from symptoms. 

Pellagrin 822 was 33 years of age when she suffered her first attack in 1911. 
She escaped recurrence in 1912, in which year she became pregnant in July. 
After a childbirth in March, 1913, she also escaped recurrence for that year! 
In June, 1914, the pellagrous symptoms again appeared. 

Pellagrin 274 suffered her first attack in June, 1911, when she was 33 years 
of age. She became pregnant early in 1912 and remained quite free from symp- 
toms during that year. In 1913 she also' escaped recurrence, but in 1914 she had 
a recurrence of pellagra and she died with complications in September, 1914. 

Pellagrin 1137 was 34 years of age when she had her initial attack in the 
spring of 1911. This patient gives a history of -the appearance of pellagrous 
symptoms after childbirth in 1911 and 1913. The years during which she did 
not bear children, namely, 1912 and 1914, she remained free from recurrence 
of the pellagrous symptoms. 

Pellagrin 1038, aged 34 at onset of the disease in the summer of 1911, 
remained free from recurrence during the two years following, although her 
general health was poor in 1912. In 1913 she gave birth to a child in Septem- 
ber, and she was not well thereafter. She suffered a recurrence of pellagra in 
July, 1914. 

Pellagrin 599 had her initial attack in 1911, when 36 years of age. She 
remained free from symptoms the following year, but suffered a recurrence in 
July, 1913. In January 1914, she became pregnant and remained free from 
symptoms during that year up to our last observation in June. 

Pellagrin 565, aged 36 at onset in the spring of 1911, suffered a recurrence 
in April of the following year. In May, 1913, while she was pregnant, she had 
a mild recurrence of pellagra. The record of fhis case for 1914 is incomplete. 

Pellagrin 604 had her initial attack in the spring of 1911, when 37 years of 
age. She escaped recurrence in 1912' and also in 1913, in which year she gave 
birth to a daughter in May. In 1914 she suffered a mild recurrence of pellagra 
in June, 

Pellagrin 212, aged 40 at onset in May, 1911, was pregnant throughout the 
spring and summer months of 1912. She escaped recurrence during that year 
and remained entirely free from symptoms in 1913 and 1914. . 

Pellagrin 278 was 40 years of age when she suffered her initial attack m 
July, 1911. She had recurrences in 1912 and 1913. In January, 1914, she 
became pregnant and remained free from symptoms up to our last observation, 
July 20, 1914. 

Of the twenty-two instances of pregnancy subsequent to onset of 
pellagra in 1911 , three terminated in the early part of the year, seven 
in the summer, eleven in the fall and for one the season was not 
recorded. In all three of the instances of childbirth in the early part 
of the year the patient remained free from symptoms of pe agra 
during the period of pregnancy ; in four of the seven instances o 
termination in the summer mild recurrences were suffered late in 
pregnancy; of the eleven instances of childbirth in the fall, there were 
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the first three months after childbirth, namely 26.1 per cent., is enor- 
mously high for a period of three months, just one quarter of a year. 
It may be compared with the annual recurrence rate of 63 per cent, 
for the total female pellagrins of Spartanburg County after dividing 
this latter figtire by four, which yields a recurrence rate of 15.8 per 
cent, for a period of three months. It may also be compared with the 
recurrence rate during the nine months of pregnancy shown in the 
preceding section of this paper, namely, 21.4 per cent., after this latter 
figure has been divided by three, giving 7.1 per cent, as the recurrence 
rate for a period of three months. In comparison with either of these, 
the recurrence rate in the three months following childbirth, namely, 
26.1 per cent, stands out conspicuously. 

The behavior of these pellagrous women during the three months 
following childbirth is shown in Table 11, according to the season of 
the year in which the childbirth occurred. It is at once evident that 


1 

1 
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Fig. 5. — Recurrence of pellagra within three months following childbirth in 
different seasons. The number of instances of childbirth in each four-month 
period is indicated by the total length of the bar. The number of instances in 
which recurrence of pellagra appeared in the respective group within three 
months after childbirth is indicated by the shaded portion. Note that child- 
birth from September to December was not followed by recurrence of pellagra 
within three months in any instance. 

the pellagrous women who bore children in the period from January 
to April, inclusive, most frequently suffered a recurrence of pellagra 
within three months. About one half of such childbirths were fol- 
lowed by recurrence of pellagra within this time. The childbirths in 
the period from May to August, inclusive, were followed by a recur- 
rence of pellagra within three months in less than one third of the 
instances. On the other hand, the twenty-nine births which occurred 
in the period from September to December were not followed by 
recurrence of pellagra within three months in a single instance. It 
would appear, therefore, that childbirth does predispose to a recur- 
rence of pellagra to a remarkable degree, but that this predisposing 
influence is not sufficient to determine recurrence of pellagra in the 
winter season. 
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shortly after the birth of a child. In 1913 and 1914 she had complete but mild 
recurrences. In 1914 the symptoms appeared in March, when she was five 
months pregnant. 

For history of Pellagrin 531 see section on Initial Attack During Pregnancy 

Pellagrin 164, aged 30, gave birth to a child in April, 1912. Pellagrous symp- 
toms developed for the first time in the following June. She became pregnant 
again in June, 1913, giving birth to a child in February, 1914. She remained free 
from recurrence during 1913 and 1914. 

For history of Pellagrin 701 see section on Initial Attack During Pregnancy 

Pellagrin 439 suffered her initial attack in April, 1912, at the age of 32 years’. 
She had a recurrence of symptoms in April, 1913. Through the spring and 
early summer of 1914 she was pregnant and escaped recurrence during that year 
to our last observation, May 25, 1914. 

Pellagrin 721, aged 32 at time of onset, suffered her initial attack in 1912, 
the exact month being unrecorded. She became pregnant in July, 1912, and gave' 
birth to a child in April, 1913. In September of the same year she suffered a 
recurrence, but remained free from symptoms up to the time of our last 
observation in May, 1914. 

For history of Pellagrin 253 see section on Initial Attack During Pregnancy. 

Pellagrin 813, aged 35 at time of onset in 1912, became pregnant in February, 
1913, and suffered a mild recurrence the following summer. For 1914 the record 
of this case is uncertain. 

There were, therefore, eleven instances of pregnancy subsequent 
to onset of pellagra among white women with initial attack* in 1912. 
Of these, two terminated in the early part of the year, in one instance 
of which there was no recurrence of symptoms, while the history in 
the other was indefinite. There were five instances of pregnancy with 
termination in the summer, in three of which the patient remained 
quite free from symptoms, while in the other two, mild recurrences of 
'pellagra appeared during pregnancy. Of the four instances of ter- 
mination in the fall, the patient remained free from symptoms in 
three, while in the fourth instance a mild recurrence appeared during 
pregnancy in the summer. 

Among the white pellagrins incident in 1912 there were four with 
initial attack during a pregnancy and two with subsequent childbirth, 
but for whom the onset month was indefinite. These six cases of 
childbirth following onset may be added to the eleven instances of 
pregnancy subsequent to onset, giving seventeen instances of childbirth 
subsequent to onset of pellagra. Of these, five occurred in 1914 too 
late for subsequent observation in our field work, which terminated in 
the fall of that year. Of the remaining twelve instances of childbirth, 
six occurred in the early part of the year, a recurrence following 
within three months in three, while in the other three cases the mot ier 
remained quite free from symptoms. In three instances the childbirt i 
occurred in the summer and in each case the mother escape 
recurrence of symptoms in the three months immediately following 
The three remaining- instances of delivery occurred in the fa , 
mother remaining free from recurrence for three months subseque 

in each case. 
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TABLE 12. — Behavior of Pellagrous Women in Respect to Recurrence 
of Pellagra During the Twelve Months Beginning with Con- 
^ ception, Summarized According to Season in Which 
Childbirth Occurred 


Behavior 

after 

Ohlldbirth 

White Women 

Colored Women 

Both Races 


Per Cent. 




IBB 

With childbirth occurring from January to April, inclusive 

Recurrence 

10 

58.8 

1 


11 

01.1 

No recurrence 

BP* 

41.2 



7 

1 38.9 

Total definite 

S3 

100.0 . 

1 

WM' - ' ' 

IS 

j 100.0 

Uncertain 





1 

I 


Hi 





j 

! 

Total 

18 


1 


19 









With childbirth occurring from May to August, inclusive 

Recurrence 

16 

64.0 

2 

100.0 

j 18 

CG.7 

No recurrence 

9 

36.0 


0.0 

1 9 

33.3 

Total definite 

25 



100.0 

; 27 

100.0 

Uncertain 

0 


o 


; 0 







i 


Total 

25 

■ipgjl 

o 

| 27 

1 



: 




With childbirth occurring 

from September to 

December, inclusive 


Recurrence 

5 

22.7 

0 


5 

21.7 

No recurrence 

17 

77.3 

1 


IS 

78.3 

Total definite 

22 

100.0 

1 ! 


23 

1C0.0 

Uncertain. 



0 1 

1 


1 

' 


1 j 





Total 

23 ! 


1 i 


24 



1 






With season of childbirth not definitely recorded 


1 

33.3 

o 

• 

1 

33.3 

No recurrence 

! 2 

G6.7 

0 

1 

o 

66.7 


3 

100.0 

0 


3 

100.0 


0 


0 

I 

0 



! 



i 

J 




! 

! 
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0 

i 

l 

3 



1 
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three pregnancies with termination in the' fall there was apparently 
complete freedom from symptoms of pellagra during pregnancy. 

There was one instance of onset during pregnancy in 1914 and one 
of uncertain onset date with subsequent childbirth. Adding these 
'two cases of childbirth subsequent to onset to the foregoing nine 
instances of pregnancy following onset, we have eleven instances of 
childbirth subsequent to initial attack of pellagra for consideration. 
Six of these instances of childbirth occurred in 1914, too late for sub- 
sequent observations. Of the remaining five, two occurred in the early 
months of the year, with recurrence of pellagra* following in each case; 
and the other three took place in the summer, a. recurrence following 
in one case, while in the other two the mother escaped recurrence in 
the three months immediately following. 

Among the white pellagrins with initial attack previous to 1915, 
there were, therefore, eighty-two instances of pregnancy subsequent 
to onset and eighty-five instances of childbirth after onset of pellagra. 

Of the colored pellagrins who suffered the initial attack previous 
to 1915, there are only four with definite history of pregnancy or 
childbirth subsequent to onset. 

Pellagrin 109 had her first attack in June, 1911, when she was 29 years 
old. A childbirth in April, 1912, was followed by puerperal fever, and in May 
the pellagrous symptoms again appeared. A second. childbirth in the summer of 
1913 was likewise followed by a recurrence of pellagra, of which the patient 
died in the fall of 1913. 

Pellagrin 67, aged IS at the time of onset in May, 1912, gave birth to an 
illegitimate child in May, 1913, and suffered a severe recurrence of pellagra, 
which appeared before accouchement and persisted for several weeks afterward. 
In 1914 she had another severe recurrence of pellagra of which she died in 
June, 1914. 

Pellagrin 183 was 17 years old at the time of onset of pellagra in June, 1912. 
She was pregnant during the spring and summer of 1913 and gave birth to a 
child on Sept. 18, 1913. During 1913 she remained free from recurrence of the 
disease. She is without record .for 1914. 

Pellagrin 733, aged 27 at onset of pellagra in 1913, gave birth to a child on 
May 20, 1914, and appears, from her record, to have remained free froni recur- 
rence during that year. 

There are in this small group five instances of pregnancy subse- 
quent to onset among colored pellagrins, one terminating in the spring, 
three in the summer and one in the fall. In four instances the patient 
remained quite free from symptoms during the period of gestation, 
in the fifth case a severe recurrence was suffered late in pregnancy an 
the symptoms persisted after the birth of the child in May. For four 
of these five instances of pregnancy there is history during the mont is 
subsequent to delivery. In one 1914 case further data are not aval 
able. Recurrence within three months appeared after the two cn 
births which occurred in the spring and summer, . respective y. ” 
the case of one summer childbirth, symptoms which had appeare 
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subsequent to childbirth is distinctly excessive and the indicated 
increased liability to the development of pellagra is greater in the 
earlier months following this event. 

4. Among eighty-seven instances of pregnancy in pellagrous 
women, in only eighteen, or 20.7 per cent., did a recurrent attack of 
pellagra appear during the period of gestation. This frequency is 
distinctly lower than the recurrence rate for pellagrous females in 
general, namely, 63 per cent, per year, and indicates a definitely 
increased resistance to recurrence of pellagra during pregnancy. 

5. Recurrences of pellagra during pregnancy were less frequent in 
the earlier months. They were usually mild in character and no 
deaths occurred during the period of pregnancy. 

6. In those pregnancies terminating from May to August, inclusive, 
recurrence of pellagra was relatively most frequent. In these instances 
the later months of gestation coincided with the season of greatest 
activity of pellagra. 

7. Among eighty-eight instances of childbirth in pellagrous women 
there were twenty-three, or 26.1 per cent., in which a recurrence of 
pellagra appeared within three months after this event. This recur- 
rence rate is enormously high in comparison with the normal rate 
of 15.8 per cent, for three months. 

8. The influence of season was evidently of great importance. 
Childbirth in the period from September to December, inclusive, was 
not followed by recurrence of pellagra within three months in a single 
instance. Childbirth in other seasons, on the other hand, was followed 
by recurrence in about one third of the instances. 

9. Considering the period of gestation and the three months follow- 
ing it together as a whole year, we see that recurrence has not been 
more frequent in childbearing women than for pellagrous women in 
general. 

10. When considered in this way, the instances of pregnancy ter- 
minating in childbirth from September to December, inclusive, showed 
a very low frequency of recurrence for the whole year, namely, 21.7 
per cent., which is about one third of the recurrence rate for pellagrous 
females in general. 

11. On the other hand, in those pregnancies terminating during 
other seasons of the year the frequency of recurrence for the year 
was between 60 and 70 per cent. 

12. These relations are believed to be of practical significance, not 
only for prognosis, but also as criteria to be utilized in the treatment 
and management of pellagrous married women. 
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TABLE 6.— Behavior During Pregnancy of Pellagrins Who Had Pre- 
viously Suffered the Initial Attack 


Race 

Record 

Uncertain 

Record 

Definite 

Recurrent | 

Attacks 

Escapes from 
Recurrence 

Total 


Per Cent. 



White 

3 

79* 

17 

21.5 

62 - 

78.5 

82* 


Colored 

0 

i 

5 

1 

20.0 



5 






Total 

3 

84* 

18 

2L4 

66 

78.6 

87* 




* This number includes ten pregnancies in 1011 in which no recurrences were noted to the 
date of the last observation. 


TABLE 7. — Summary of the Eighteen Recurrent Attacks of Pellagra 
Which Occurred During- Pregnancy 


Pellagrin 

Number 

Age at 
Recurrence 

Date of 
Recurrence 

Month of 
Pregnancy 

Character of 
Attack 

History During 
Pregnancy ' 

987 

26 

Spring, 1909 

Date 

Mild 

Recovery 

987 

29 

Spring, 1912 

Early 

Mild 

Recovery 

SO 

28 

July, 1911 

Eighth 

Mild 

Recovery* 

824 

18 

1911 

Early 

Mild 

Recovery 

275 

21 

June, 1913 

Fourth 

Mild- 

■ Recovery 

112 

27 

April, 1913 

Sixth 

Mild 

Recovery 

- SCO 

36 

February, 1914 

Eighth 

Severe 

Persistedf 

896 

20 

April, 1912 

Eighth 

Mild 

Recovery 

62 

23 

Summer, 1913 

Middle 

Severe 

Recovery 

269 

25 

May, 1913 

Seventh 

Slight 

Recovery 

726 

28 ’ 

June, 1914 

Ninth 

Mild 

Recovery 

1033 

29 

April, 1913 

Eighth 

Mild 

Recovery 

565 

38 

May, 1913 

Seventh 

Mild 

Recovery 

833 

27 

May, 1913 

Seventh 

Mild 

Recovery 

614 

29 

March, 1914 

Fifth 

Mild, 

Recovery 

813 

36 

Summer, 1913 

Late 

Slight 

Recovery 

1207 

32 

April, 1914 

Seventh 

Mild 

Recovery 

67 

16 

Spring, 1913 

Late 

Severe 

Persisted} 


* Some weeks after childbirth in August, the erythema reappeared on » ' • o{ 

t The attack of pellagra persisted after the birth of her child and the p 
iellagra In June, 1914. . mnslderable 

t Tho attack of pellagra appeared before childbirth and Persisted for^a^ ^ pc] i fl gra 
ime afterward, with recovery. The patient died in a subsequent re 
l June, 1911. 
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These results are open to the objection that Gay and Claypole 2 have 
shown that marked reactions may be produced in normal persons by 
the intradermal injection of a suspension of sensitized vaccine repre- 
senting from 0.5 mg. to 5 mg. to 1 c.c. In justice to Gundrum, how- 
ever, it should be stated that he failed to produce reactions in eight 
controls, and eight of nine malaria patients. Pulay 1 was unable to 
produce satisfactory results with a typhoidin made from a laboratory 
strain over a year old. With a typhoidin prepared from a recently 
isolated strain he secured negative reactions in twenty-eight normal 
subjects. Positive reactions were obtained in six typhoid patients, 
thirty-five convalescents, five persons with a history of typhoid long 
ago, and thirty-nine persons previously vaccinated. In reading the 
results Pulay lays particular stress on the persistence of the maculo- 
papule, which may be distinct in normals at the end of twenty-four 
hours, but never after forty-eight hours. In the immunized person, 
however, the papule may be distinct even on the third day. The 
preparation used by Pulay was original typhoidin concentrated by 
evaporation at 40 C. in a vacuum. 

Mehler, 4 5 6 using original typhoidin, secured negative results in ten 
normal persons. Positive reactions were produced in eight of ten 
persons with a history of typhoid (one fifty years, one thirty years, 
one nineteen years, one fifteen years and again three and one-half 
years, and four three and one-half years previously) and negative 
reactions in two persons with a history of typhoid three and one-half 
years previous to the test. Of ten persons receiving two injections 
of typhoid vaccine three and one-half years previous to the test, only 
one gave a positive reaction, while thirteen of twenty persons receiv- 
ing three injections three and one-half years previous to the test gave 
positive reactions. 

Nichols 0 by cutaneous application of a typhoidin powder reached 
the following conclusions: 

1. The test was negative in 25 per cent, of cases with a history of 
typhoid, while typhoid fever is supposed to give 95 per cent, immunity. 

2. The test was negative in 36 per cent, of those- vaccinated under 
four years previous to the test, while experience has shown that vacci- 
nation protects in more than 64 per cent, of cases. 

3. A preparation of B. paratyphosus A gave 66 per cent, of posi- 
tive reactions in cases giving 75 per cent, reactions to typhoidin, 

4. Pulay: Diagnostiche Hautreaktion bei Typhusrekonvaleszenten, Typhus- 
kranken und Schutzegeimpften tnit Typhin nach Gay and Force, Wein. klin. 
Wchnsehr., 1915, 28, 1189. 

5. Mehler: Oration on Medicine — Prophylaxis of Typhoid Fever, Jour. Iowa 
State Med. Soc., 1916, 6, 99. 

6. Nichols: Antityphoid Vaccination, Jour. Exper. Med., 1915, 22, 780. 
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TABLE 9. — Behavior of Pellagrous Women in Respect to Recurrence of 
Pellagra During Pregnancy of Pellagrins ^Nsose Pregnancies 
Terminated in Different Seasons 


Behavior 

during 

Pregnancy 

White Women 

Colored Women 

Both Races 

Number 

Per Cent. 

Number 

Per Cent. 

Number 

Per Cent. 

With pregnancy terminating from January 

to April, inclusive 


.Recurrence 

1 

6.3 

0 

0.0 

1 

5.9 

No recurrence 

15 

93.7 

1 

100.0 

16 

' 91.1 

Total definite 

16 

100.0 

1 

■ 100.0 

17 

100.0 

Uncertain 

2 


o 


2 









Total 

18 


1 


19 









With pregnancy terminating from May to August, inclusive 

Recurrence 

n 

37.9 

1 

33,3 

12 

37.5 

No recurrence 

18 

62.1 i 

2 

66.7 | 

20 

62.5 

Total definite.. ' 

29 

100.0 1 

3 

100.0 1 

32 

100.0 


0 


o 


0 





1 





29 

1 

3 


32 





■ 




With pregnancy 

terminating from September to December, 

inclusive 


Recurrence 

5 

16.1 

0 

0.0 

5 

15.6 

No recurrence 

26 

S3.9 

1 

1C0.0 

27 

81.4 

Total definite 

31 

100.0 

1 

100.0 

32 

100.0 


1 


0 


1 








— — - 

Total 

32 


1 


33 



With time of termination of pregnancy uncertain 



0 

0.0 

0 


0 

0.0 

No recurrence 

3 

100.0 

0 


3 

100.0 


3 

100.0 

0 


3 

100.0 

Uncertain 

! 

0 

1 

o 1 



0 

I 


Total 

I 3 


0 | 



3 i 

... 
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to sixty-six times the ordinary dose of typhoid vaccine. A normal 
person might be expected to show local and general reactions to the 
larger dose, while a previously sensitized person might give a similar 
reaction to the smaller dose. Positive reactions in the previously 
vaccinated person could easily be confused with local reactions pro- 
duced by intradermal vaccination of normal persons. 

Kilgore 10 has suggested the use of a quotient for recording the 
results of cutaneous tests obtained by dividing the diameter of the 
allergic reaction by the diameter of its control. Pie regards a quotient 
over 1.5 as positive, basing his opinion on a number of experiments 
in the application of typhoidin to the scarified skin. He has pointed 
out the difficulty of securing uniform scarifications and the impossi- 
bility of applying to them constant amounts of the powder. Another 
element of unreliability in the reaction is a strong irritant effect of the 
powder itself, which tends to overshadow a weaker specific action. 
In another communication Kilgore 11 has shown that ‘'the higher the 
typhoidin quotient the greater the chance of reaction to vaccination, 
and that those who react least to vaccination profit most by its admin- 
istration, if increase in the typhoidin quotient after vaccination be 
considered evidence of increased immunity. Kilgore also gives expe- 
riences with the intradermal method of administering the typhoidin 
test. The dose used was approximately 0.05 c.c. of a 1 to 100 sus- 
pension of dry typhoidin powder, controlled by an equivalent dose of 
broth powder. Observations were made at the end of twenty-four 
hours and results recorded in terms of the typhoidin quotient. Kil- 
gore states that there was practically no difference in the average 
quotients between a group of fifty-three supposedly immune persons 
and a group of thirty-eight with a negative typhoid history. Some 
persons in this series complained of malaise and chilliness, together 
with an arm as sore as if a typhoid vaccination had been taken. As 
in the case of Austrian and Bloomfield, the results of Kilgore are not 
surprising when we consider the doses of typhoidin used which he 
himself admits were probably too large. , The ordinary dose of typhoid 
vaccine being 0.0001 gm. (equivalent to 0.0003 gm. of typhoidin), it 
is evident why normal persons should be confused with those who 
are immune and why both groups should complain of local and gen- 
eral reactions on receiving an intradermal dose of unsensitized killed 
typhoid organisms two-thirds greater than the quantity used in typhoid 
vaccination. The excessive dose, together with a twenty-four-hour 
observation, served to effectually mask any variations in sensitiveness 
which might otherwise have been apparent. 

10. Kilgore: The Typhoidin Quotient, The Archives Int. Med.. 1916, 17, 25. 

11. Kilgore: A Comparison of Two Methods of Vaccinating Against Typhoid 
Fever, The Archives Ixt. Med., 1917, 19, 276. 



434 


THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 10. — Behavior of Pellagrins During the Three Months 

Following Childbirth 


t 

Race 

! Recurrent Attacks 

i 

Escapes from Recurrences 

Total 

j Number 

Per Cent. 

Number 

Per Cent. 

White.. 

21 

24,7 

64 

75.3 

33.3 



O 

66.7 

1 

0 o 





i 

Total 

23 

26.1 

65 

73.9 

S3 


TABLE 11. — Behavior of Pellagrous Women in Respect to Recurrence 
of Pellagra During the Three Months Following Child- 
birth in Different Seasons - 


Behavior 

after 

Childbirth 

! 

| White Women 

Colored Women 

Both Races 

Number 

Per Cent. 

Number 

Per Cent. 

1 Number 

j 

Per Cent. 

With childbirth occurring from January to 

i April, inclusive 


. Recurrence 

13 i 

50.0 

1 

100.0 ! 

14 

51.9 

No recurrence — 

13 

50.0 

0 

0.0 

13 

43.1 

Total 

26 

100.0 

1 

100.0 

27 

100.0 


With childbirth occurring from May to August, inclusive 


Recurrence 

7 

25.0 

1 

100.0 

s 

27.G 

No recurrence 

i 

, 21 

i i 

75.0 

0 

0.0 

21 

72.4 

Total 

1 

2S 

100.0 

1 

100.0 

29 

100.0 

With childbirth 

occurring from September to December, inclusive 


Recurrence 

1 

0 

0.0 

0 

0.0 

0 

0.0 

1 

No recurrence 

28 

100.0 

1 

100.0 

29 

100.0 

Total 

2S 

100.0 

. 

1 

100.0 

29 . 

100.0 


With season of childbirth uncertain 


Recurrence 

| 1 

33.3 

66.7 

; 

o 


i 

33.3 

No recurrence 

o 

o ! 


2 

66.7 




.. 


___ 

Total 

3 

s 

100.0 

! 0 



3 

100.0 
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chisel used in making the abrasion. The obvious tendency of the 
powder to absorb moisture, however, raised the question as to the 
possible hydrolyzing effect of the residual moisture during the rather 
slow process of drying over sulphuric acid. Studies were therefore 
made by one of us (Stevens) with a view to developing a method 
for the rapid dehydrating of the typhoidin powder to a constant weight, 
experience with other proteins having shown that a rapidly dehydrated 
preparation is extremely stable. 

The method of preparation finally adopted was a modification of 
the technic of Gay and Clay pole. Ten flasks, each containing 25 c.c. 
of meat infusion broth (1 per cent, peptone), were inoculated with 
ten different strains of B. typhosus, and incubated for ten days. The 
ten cultures were then poured into a large glazed porcelain dish and 
the mixture was evaporated for sixteen hours over an acetone bath 
to one-tenth the original volume. This concentrated polyvalent cul- 
ture was then transferred to a 500 c.c. stoppered cylinder, thirty 
volumes of 95 per cent, alcohol were added, the mixture thoroughly 
shaken and allowed to stand for twenty-four hours. At the end of 
this period the supernatant fluid was drawn off by means of a pipet 
attached to a filter pump, the precipitate washed in 95 per cent, alcohol, 
and allowed to stand until entirely settled. The alcohol was again 
drawn off and the precipitate washed twice with absolute alcohol, and 
the precipitate allowed completely to settle in each instance before 
removing the supernatant fluid. After the removal of the alcohol the 
precipitate was shaken up with absolute ether, allowed to settle, again 
shaken, the suspension poured onto a hard filter paper (C. S. & S. 
575), and the precipitate again washed with absolute ether, being 
careful to keep it covered with a watch glass while draining. The 
covered funnel containing the precipitate was immediately placed in 
an oven containing an open dish of sulphuric acid, and kept at a tem- 
perature of 40 degrees C. for thirty minutes. At the end of this 
time the watch glass was removed from the filter and the open filter 
left in the oven for eighteen hours. The filter paper was then removed 
from the funnel, opened out, and left in the oven until the precipitate 
crumbled readily. It was then transferred to an agate mortar, ground 
•by hand, placed in a dark-colored, glass-stoppered vial, weighed, and 
exposed in a desiccator over sulphuric acid. When the powder has 
dried to constant weight the stopper may be inserted and sealed with 
paraffin. 

The following comments on this method of preparation may per- 
haps be in order: (1) The different strains of B. typhosus used in 
making the polyvalent typhoidin were selected to represent the various 
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THE RELATION OF CHILDBEARING TO RECURRENCE OF PELLAGRA 

In the foregoing sections it has been shown that in the population 
here studied, pregnancy has exercised an inhibitory influence on the 
recurrence of pellagra, while childbirth has predisposed to it. Inas- 
much as gestation is normally accompanied by childbirth it would be 
of interest to know their combined influence in respect to recurrence 
of pellagra. If we add together the percentage of recurrences during 
the nine months of pregnancy, namely, 21.4, and the percentage of 
recurrences during the three months following childbirth, namely, 
26.1, we obtain a figure, 47.5 per cent., which is an appropriate measure 
of the recurrence rate for twelve months for puerperal women. This 
is somewhat lower than the annual recurrence rate for total female 
pellagrins in Spartanburg County, which was 63 per .cent. The figures 
would indicate that puerperal women are less liable to recurrence of 
pellagra than other women. It is impossible to decide whether this 
apparent difference may be due directly to the physiologic exercise of 
the maternal function or may be merely correlated with it on account 
of the greater general vigor and superior environmental conditions 
which the childbearing woman is likely to enjoy. In any case the dif- 
ference from the general recurrence rate is not very great. It would 
seem, however, to justify the conclusion that childbearing is not con- 
traindicated in pellagrins, as one might suppose if only the frequency 
of recurrence following' childbirth were taken into account. 

The influence of season appears to be particularly important in 
this connection. The pellagrous women who bore children in the 
period from January to April, inclusive, suffered recurrence of the 
disease during pregnancy in 5.9 per cent, of instances and the analo- 
gous group suffered recurrence in the first three months after delivery 
in 51.9 per cent, of instances. The approximate frequency of recur- 
rence for the twelve months beginning with pregnancy was, therefore, 
the sum of these figures, or 57.8 per cent., for this seasonal group. . hi 
the group with childbirth in the period from May to August, inclusive, 
the recurrence rate during pregnancy was 37.5 per cent, and the recur- 
rence rate in the three months after delivery 27.6 per cent. Tie 
sum of these, or 65.1 per cent., represents approximately the recur- 
rence rate for the year beginning with pregnancy, for this seasona 
group. For the third seasonal groupr in which childbirth occurre^ 
from September to December, inclusive, the recurrence rate du 0 
pregnancy was 15.6 per cent, and in the three months subseque 
delivery it was 0.0 per cent. ■ The recurrence rate for the twelve mon is 
in this seasonal group is, therefore, approximately 15.6 P er cent \ 

This indicated contrast is so marked that it seems worth w i e 
present a separate tabulation, including as definite examples on y 0 
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Von Pirquet, 14 Force and Beckwith, 15 and Koimer and Moshage 10 
have shown that irritation due to trauma is reduced to a minimum by 
intradermal inoculation of 0.05 c.c. of fluid. We therefore finally 
adopted a dose of 0.005 mg. of typhoidin suspended in 0.05 c.c. of 
phenolated saline, representing a dilution of 1 to 10,000. 

In interpreting the results of the typhoidin test, we have estab- 
lished the following criteria: 

1. A positive reaction is indicated by the presence, forty-eight 
hours after the application of the test, of a maculopapule, with definite 
erythema measuring at least 5 mm. in one diameter. 


TABLE 1. — Tests to Determine the Dosage of Typhoidin 


Subject 

Dose, 

Mg. 

Reaction First Day 

Reaction Second Day 

Result 

Typhoidin 

| Control 

Typhoidin 

Control 

Rabbit 

l. Immune 

1 

1(28.3) 

j i 

; 7 . 0 1 

(19.5) 

10.9 | 

Positive 

2. Normal ! 

1 

20.5 

7.1 j 

22.9 

0 

Negative 

3. Immune 

0.1 

((17.5) 

5 ! 

( 9.9) 

0 

Positive 

4. Normal 

0.1 

16.8) 

j 0 

12.8 

0 

Negative 

5. Immune 

0.01 

(10 

7 

5.6 

2.S 

Negative 

6. Normal 

1 0.01 

10 

11.8 ' 

6.5 

0 

Negative 

Human 

L. R. T„ vac. 1915... 

0.1 

1 

((05.3 ((11.3) 

1- 1 

((99.8 ((14) 

0 

Positive 


0.01 I 

(29.9) i 

25 | 

((76.1 (( 9.4) 

0 

Positive 


2. A doubtful reaction is indicated by the absence of either indura- 
tion or erythema at the end of forty-eight hours. 

3. A negative reaction is indicated by the absence of both indura- 
tion and erythema at the end of forty-eight hours. 

Von Pirquet has shown that intradermal inoculations of vaccine 
lymph produce, in previously vaccinated persons, marked papules 
which increase in size to the forty-eighth hour and persist even to the 
seventy-second hour. A good reaction might be produced by this 
method when an equal amount applied to the scarified skin failed to 

14. Von Pirquet : Ueber die verschiedenen Formen des allergeschen Reaction 
bei der Devaccination, Ztschr. f. Immunitatsforsch, u. exper. Therap., Orig., 
1911, 10, 1. 

15. Force and Beckwith: A Laboratory Method for the Diagnosis of 
Smallpox, Jour. Am, Med. Assn., 1915, 65, 58S. 

16. Koimer and Moshage: A Note on the Occurrence of Pseudoreactions on 
the Skin, with Special Reference to the Schick Toxin Test, Jour. Am. Med. 
Assn., 1915, 65, 144. 
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instances in which the initial attack occurred previous' to the pregnancy 
and in which there is available definite record for both the period of 
gestation and the three months following delivery. The figures are 
summarized in Table 12. The differences between the three groups 
are here similar. Those women who bore children from September 
to December, inclusive, were only about one third as liable to recur- 
rence during the twelve months including the whole period of preg- 
nancy and the three months following childbirth as were the women 
who gave birth to children in other seasons oTthe year. 



Fig. 6. — Recurrence of pellagra in childbearing women. The number of 
instances of childbirth in each four-month period is indicated by the total 
, length of the bar. The number of instances in which recurrence of pellagra 
appeared during the twelve months, including the period of gestation and the 
three months following delivery, is' indicated by the shaded portion. Note that 
only five of the twenty-three pellagrous women who gave birth to children 
from September to December suffered recurrence of pellagra during the twelve 
months. 

This third group stands out in remarkable contrast to the other two 
groups in this respect, clearly indicating that the most favorable season 
for childbirth in this pellagrous population has been from September 
to December, inclusive. The contrast is so great that it might well 
be taken into account by those physicians who have pellagrous married 
women in their care. 

SUMMARY 

1. Twenty of the 624 initial attacks of pellagra in women in the 
age period 12 to 49 years, in Spartanburg County, occurred during 
pregnancy. This number represents 3.8 per cent, of 624 initial attaccs 
in women of childbearing age and indicates that onset of pellagra as 
been relatively less frequent during pregnancy than at other times. . 

2. Sixteen of the 624 initial attacks, or 2.6 per cent., occurred in 
the month following childbirth, twenty-two, or 3.5 per cent, m tie 
second and third months following childbirth and nineteen, or 3.0 per 
cent., in the fourth, fifth and sixth months following childbirth. 

3. The proportion of initial attacks of pellagra in the six months 
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entirely. Typhoidin represents something, more complicated than 
typhoid bacilli plus peptone broth. At the end of ten days of growth 
and digestion the organisms have seriously affected the peptone and 
beef proteins. It follows, therefore, that a powder produced by the 
evaporation of peptone broth cannot truly serve as a control to 
typhoidin. Since many persons give marked reactions to peptone 
broth, it )vould seem that any attempt to interpret the reaction in terms 
of the difference between the typhoidin spot and a broth control will 
lead to much misinterpretation of results. 

Our determination to abandon the use of a broth control is in line 
with the procedure of Zingher , 22 who, in the routine administration of 
the diphtheria toxin test, has substituted for the control broth a 
heated toxin, which is administered intradermally to those persons 
giving a doubtful reaction to the diphtheria toxin. Heating destroys 
the irritant action of the toxin and any reaction to this product would 
represent the uncomplicated allergic action of autolyzed diphtheria 
organisms, that is, the true pseudoreaction. The heated toxin then 
becomes, for the purpose of this reaction, an actual control to the 
unheated toxin. Zingher also has observed that persons giving the 
pseudoreaction, that is, presumably sensitized to diphtheria protein, 
were much more susceptible to the local action of antitoxin or 
immunizing injections of toxin-antitoxin. Weaver and Rappaport 23 
have noted -that persons giving an intradermal pseudoreaction to diph- 
theria toxin are apt to give a similar reaction to a control of toxin- 
antitoxin. These authors charge this result to the effect of horse 
serum, but it is also readily explained on the basis of allergic effects 
of autolyzed diphtheria organisms. Since Bessau and Schwenke 2 ; 1 
have been unable to remove the allergic effect of autolyzed diphtheria 
organisms even by boiling diphtheria toxin, it follows that the question 
of a true control to typhoidin or other cutaneous allergins is still 
an open one. 

SPECIFICITY OF THE TYPHOIDIN REACTION 

We have suggested criteria for the interpretation of the typhoidin 
reaction independent of so-called controls. There remains still the 
question of specificity. In other words, is the typhoidin reaction due 
to a toxic effect of the inoculated protein on the tissues, or, even 
granting such an effect, is there in addition a specific reaction in per- 
sons sensitized to typhoid protein? If there is such a reaction how 
may it be unmasked from the stronger toxic influence? 

22. Zingher: The Pseudoreaction in the Schick Test and Its Control, Jour. 
Am. Med. Assn., 1916, 66, 1617. 

23. Weaver and Rappaport: Further Observations on the Schick Test for 
Diphtheria Immunity, Jour. Am. Med. Assn., 1916, 66, 1448. 

24. Bessau and Schwenke: Ueber de lokale Diphtherie-Bouillon-Reaktion 
beim Menschen, Monatsch. f. Kinderh., 1916, 13, 397. 



FURTHER STUDIES ON TYPHOIDIN * 

JOHN N. FORCE, M.D., and IDA M. STEVENS, M.A. 

BERKELEY, CALIF. 

This paper records the results of further studies 'on typhoidin 
made since the publication of the original article of Gay and Force." 

Since Gay and Force 1 have reviewed the work on the application 
of preparations of the typhoid organism to the skin which had been 
published previous to their article, we shall confine ourselves to a 
review of observations on typhoidin which have appeared since that 
date. 

The- original typhoidin employed by Gay and Force consisted of 
a ten-day culture of a single strain of Bacillus typhosus on glycerin 
broth evaporated to one-tenth volume. On account of deterioration of 
the preparation in this form, Gay and Claypole 2 precipitated the 
original typhoidin with twenty volumes of alcohol, filtered, washed 
with absolute alcohol and ether, and then dried on porcelain plates 
over sulphuric acid in a vacuum. With a freshly prepared suspension 
of this typhoidin powder in phenolated saline, equivalent in concen- 
tration to the original typhoidin, these authors were able to produce 
marked intradermal reactions in previously immunized rabbits, but 
not in controls. The reaction was characterized by the appearance 
within twenty-four hours of an indurated, reddened papule, which 
persisted at the site of inoculation for several days. Gundrum 3 was 
unable to produce positive reactions in six typhoid cases by the intra- 
dermal injection of 0.1 c.c. doses of a commercial typhoid vaccine 
representing a suspension of 100 million organisms to 1 c.c. Positive 
results were secured in ten typhoid cases out of thirteen by a similar 
injection of Gay-Claypole vaccine, representing a suspension of 0.1 
mg. (800 .million) dried and ground sensitized typhoid organisms to 
1 c.c. A red maculopapule appearing at the site between six and 
forty-eight hours after inoculation was considered positive if it equaled 
in size the original wheal produced by the intradermal injection. 

* Submitted for publication Sept. 14, 1916. • 

* From the Laboratory of Hygiene and the Hearst Laboratory of Pat o ogy 
and Bacteriology, University of California. 

1. Gay, F. P., and Force, J. N. : A Skin Reaction Indicative of Immunity 
Against Typhoid Fever, The Archives Inx. Med., 1914, 13 , 471. 

2. Gay, F. P., and Claypole, Edith J.: An Experimental Study of Prop V' 
actic Immunization Against Typhoid Fever, The Archives Inx. ■> 

3. Gundrum : Skin Test in Typhoid, California State Jour. Med., 191 o, 1 > 
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EXPLANATION OF THE TABLES 

The accompanying tables, 2, 3 and 4, show the results of typhoidin 
tests on a group of faculty and students of the University of 
California. 

A uniform dose of 0.05 c.c. of a suspension in phenolated (0.5 per 
cent, phenol) saline of 0.005 mg. of typhoidin was injected intrader- 
mally in each instance. Any injection failing to produce a white 
wheal with depressions marking the hair follicles was discounted in 
the estimation of results, but there was no attempt to produce wheals 
of constant diameter. 


— Nine Typhoidin Tests 


Reaction First Day 

Reaction Second Day 

Reaction Fifth Day 
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Table 2 gives the details of nine typhoidin tests and is presented in 
order to show the methods employed in recording the results obtained. 

The preparations of typhoidin employed were a monovalent strain 
precipitated with acetone (MAc), a monovalent strain precipitated 
with alcohol (MAI), a polyvalent strain precipitated with acetone 
(PAc), and a polyvalent strain precipitated with alcohol (PA1), which 
was rapidly dehydrated. 

In case the person had been previously vaccinated, the date of the 
last dose of vaccine is given, together with a figure, in parenthesis,, 
indicating the number of doses of vaccine and a letter indicating the 
type of vaccine used. The types of vaccine which had been employed 
in the vaccination of this series were U. S. Army (A), commercial' 
(C), Gay-Claypole (X), and a vaccine prepared by the same technic 
as the latter but unsensitized (F). 
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whereas there is no immunity to paratyphoid after typhoid immuni- 
zation. 

4. A positive typhoidin reaction is indicative of a history of typhoid 
fever or typhoid immunization, but a negative reaction is not neces- 
sarily indicative of the opposite condition. 

Nichols interpreted his reactions according to the original criteria 
of Gay and Force; a difference in diameter between typhoidin and 
control spots of at least 2.5 mm. twenty-four hours after the applica- 
tion of the test. Had he waited for the toxic action to subside (forty- 
eight hours) his results with paratyphoidin might have been different. 
His results with typhoidin are practically identical with ours, since 
we obtained negative reactions in 23 per cent, of patients with history 
of typhoid and 36 per cent, of persons vaccinated under four years 
previous to the test. We are not prepared, however, to agree with his 
statement of the percentage of recovered typhoid patients who are 
protected. Sawyer 7 found a history of previous typhoid in 15 per 
cent, of cases in an epidemic occurring in Hanford, Calif., 'while Kelly s 
secured a similar history from 8.2 per cent, of cases at Taft, Calif. 

Austrian and Bloomfield 0 employed suspensions of dried typhoidin 
powders derived from both a single and several strains of B. typhosus. 
These suspensions were injected intradermally in doses ranging from 
0.00001 gm. to 0.02 gm. of the dried powder. The original criteria of 
Gay and Force were employed in interpreting the reactions, which 
were positive in all of sixty-six cases comprising normal persons, those 
previously vaccinated, and persons with a history of typhoid. In 
several cases they report local and general reactions comparable to 
those following typhoid vaccination. These results of Austrian and 
Bloomfield were in no way remarkable when the amount of typhoidin 
used is considered, together with the failure to wait for the sub- 
sidence of the irritant effect of the protein. Gay and Claypole have 
shown that the evaporation of 10 c.c. of typhoidin broth will yield 
0.78 gm. of powder, while the evaporation of an equal amount of 
control broth will yield 0.5 gm. of powder. Not allowing for the 
increase in typhoid organisms at the expense of the broth, we may 
assume that any quantity of typhoidin powder contains one-third its 
weight of typhoid bacilli. The ordinary immunizing dose of typhoid 
vaccine used by us contains 0.0001 gm. of typhoid bacilli, equivalent to 
0.0003 gm. of typhoidin. Doses of typhoidin then ranging _ from 
0.00001 gm. to 0.02 gm. represent vaccinations with from one-thirtiet 


7. Sawyer: Ninety-Three Persons Infected by a Typhoid Carrier at a Public 
Dinner, Jour. Am. Med. Assn., 1914, 63, 1537. 

• 8. Kelly: Personal communication to the authors. _ t«t 

• 9. Austrian and Bloomfield: The Typhoidin Reaction, The Archives 

Med., 1916, 17, 663. 
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, COMMENT- 

We are, of course, aware of the unreliability of personal state- 
ments regarding the presence or absence of ’a history of typhoid fever. 
The experience of Sawyer 7 in the Hanford epidemic previously men- 
tioned, has shown the possibility of typhoid fever occurring after a 
very short incubation period or with slight or indefinite symptoms. 
The normal persons in our series (Table 3), therefore, have been 
chosen, with one exception, after elimination of suspicious infections 
or possible exposure to typhoid fever. The exception noted, A. G., 
was a physician who, during three years residence in a hospital, was 
constantly exposed to the disease, though having no memory of an 
infection. It is interesting to note that A. G. furnished the only posi- 
tive reaction in our series of normal persons, and our suspicion that 
he had become sensitized to typhoid protein was further strengthened 
by a severe local and general reaction following a subsequent dose 
of typhoid vaccine. 

The selection of a group of persons with a history of typhoid is 
a much more difficult task. The retention of a person in our series 
(Table 3) was conditioned on a history of one or more attacks of 
continued fever which had been called typhoid by the attending 
physician. Whenever in spite of a diagnosis of typhoid the patient’s 
account of the disease contained an element of doubt, we have 
regarded the history as questionable. It will be seen that on a time 
basis these doubtful cases tend to group themselves at the beginning 
of the series before the use of the agglutination test became general. 

Table 3 also shows the results of the test as applied to previously 
vaccinated persons and further classifies these results on a time basis. 
It will be seen that the percentage of negative reactions grows smaller 
as the time elapsing from vaccination to test grows shorter. The fact 
that 21 per cent, of persons vaccinated during the period from Feb- 
ruary to May, 1916, inclusive, failed to show positive reactions would 
indicate that the routine three doses of typhoid vaccine are not always 
enough to sensitize or immunize a person. On the other hand, ten 
out of thirteen persons showing negative skin reactions before vacci- 
nation (or revaccination) gave positive reactions after such vaccina- 
tion. Of the three persons failing to give a positive reaction after 
retest, one had received three doses of vaccine within the two months 
preceding the test, one six doses in the year preceding, and one six' 
doses in the two years preceding. 

The insensitiveness of certain persons to typhoid protein is well 
illustrated by the following case : - 

R. L. S., a student, after six doses of typhoid vaccine failed to give a 
positive skin reaction. One month after her last test (eleven weeks after her 
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Kolmer and Berge' 5 have made a careful comparison of the 
yphoidin reaction with the agglutinins, bactericidins, and complement 
lMng antibodies present 1 in the serum of typhoid immune persons 

nn!vK Ph0ld r nnnr mieCted intradermall y “ d°ses ranging from 
0.0005 mg. to 0.001 mg, and the resulting reaction obsmed in 

twenty-four hours. A reaction was regarded as positive “when the 
typhoidin site alone showed a reaction or when this site had at least 
twice the area of erythema and a greater edema than the control,” 
as doubtful when the typhoidin site was one-third greater than the ' 
control, and as negative, when there was “nothing more than trauma 
or an area of about equal degree in regard to erythema and edema.” 
From observations on forty-two cases these authors conclude “that 
agglutinins are present in the blood serum of the majority of persons 
reacting positively in the skin test, but there is no definite relation- 
between the two as either may be in evidence in the absence of the 
other.” They further mention an irritant action of the typhoidin and 
suggest the possibility of developing a typhoidin free from toxic sub- 
stances. They found positive reactions in two of ten' normal persons, 
six of ten persons with a history of typhoid, and twelve of twenty-two 
previously vaccinated. It is possible that these results might have 
been different had the reactions been observed at the end of forty- 
eight hours after the irritant effect of the protein had subsided. 

THE PREPARATION OF TYPHOIDIN 

Reference has already been made to a typhoidin powder which Gay 
and Claypole prepared by precipitating the original typhoidin with 
alcohol, washing with absolute alcohol and ether, and then drying on 
porcelain plates over sulphuric acid in a vacuum. It was anticipated 
that this dried typhoidin would retain its potency for a much longer 
period than the original concentrated glycerin broth preparation. In 
an attempt to avoid the necessity of weighing a small quantity of this 
powder whenever a fresh suspension was needed, Dr. Claypole pre- 
pared for one of us (Force) a number of small amber vials, each con- 
taining such a quantity of the powder that the addition of 1 c.c. of 
phenolated saline would furnish material for a number of tests. As 
the powder was believed to be stable, no especial precautions were 
observed in storing the vials, and we were therefore surpmed to dis- 
cover, on examining them some days later, that the powder had becon 
a moist, treacle-like mass.' Thereafter no attempt was made to pre- 
pare a saline suspension, but the powder was stored in a large v 
a desiccator, and applied directly to the scarified arm by means 


TT^Ter and Berge: The Mation of the Typhoidin Skin Reaction to 
Immunity in Typhoid, Jour. Immunol, 1916, 1, 4UV. 
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reaction are revaccinated, for even if the cutaneous sensitiveness to 
typhoid protein is of shorter duration than typhoid immunity, revacci- 
nation on the basis of a negative typhoidin reaction gives the student 
a safer margin of protection. 

SUMMARY AND CONCLUSIONS 

1. A stable preparation of typhoidin may be rapidly prepared by 
precipitating a concentrated broth culture of B. typhosus with 95 per 
cent, alcohol, and subsequent dehydration with absolute alcohol and 
absolute ether. 

2. Definite reactions persisting forty-eight hours were produced in 
human beings by the intradermal injection of 0.05 c.c. of a 1 in 10,000 
suspension of typhoidin in phenolated saline. In order to produce a 
similar reaction in rabbits, a dose of 0.1 c.c. of a 1 in 1,000 suspension 
of typhoidin was necessary. 

3. It is imperative that no account be taken of the appearance of 
the reaction at the end of twenty-four hours. A positive typhoidin 
reaction is indicated by the presence, forty-eight hours after the test, 
of a well-defined erythematous papule at least 5 mm. in diameter. Out 
of 108 positive reactions, the forty-eight hour papule measured 10 mm. 
or over in twenty-six instances; the average measurement of 108 
papules was 8.4 mm. 

4. Out of eighteen normal persons, seventeen gave negative reac- 
tions; out of twenty-six persons with a history of typhoid, nineteen 
gave positive reactions, one gave a doubtful, and six persons (four 
with questionable typhoid histories) gave negative reactions. Out of 
152 persons previously vaccinated against typhoid, twelve of fifty-six 
vaccinated during 1916, three of eleven vaccinated during 1915, thir- 
teen of twenty-nine vaccinated during 1914, and twenty-six of fifty- 
two vaccinated during 1913 gave negative reactions (Table 3). 

5. Ten of thirteen persons showing a negative reaction to the skin 
test before vaccination (or revaccination) gave positive reactions 
after vaccination (or revaccination). 

6. The revaccination of previously vaccinated persons showing 
negative skin reactions produced local or general reactions no greater 
in intensity than the vaccination of normal persons, and much less 
severe than the reactions produced by the revaccination of persons 
showing positive skin reactions (Table 4). 

7. The routine administration of three doses of typhoid vaccine is 
in many cases not sufficient to produce sensitization to typhoid 
protein, and presumptively, therefore, protection against typhoid 
fever. 
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nflf en ! C P ; 0i ; ertieS d ' SCribed looker. 13 ' (2) The growth in each 
of the ten flasks. was determined to be a pure culture before the strains 

were mixed. (3) As soon as the suspension of typhoidin in absolute 
ether is poured onto the filter it should be covered' with the watch 
glass and kept covered, except when more ether is poured on for 
washing. A few seconds’ exposure to the air at this stage will convert 
the precipitate into a gumlike mass, whereas the particles of typhoidin 
adhering to the mortar after the grinding show no tendency to deli- 
quescence even after forty-eight hours’ exposure. (4) In the absence 
of a vacuum chamber with thermostatic control, the ordinary gas oven 
may be used with hot bricks as radiators. The gas flame should be 
shut off before placing the filter in the oven. (5) Given the ten days’ 
culture, three days should be' sufficient for all of the steps, beginning 
with the concentration of the culture and ending with the exposure of 
the dry powder in the desiccator. The powder should be dried to 
constant weight in four days at the most. A period of eight weeks has 
been found necessary in some instances to prepare dry typhoidin 
according to the method of Gay and Claypole. 

THE TYPHOIDIN TEST AND ITS INTERPRETATION 

We have long recognized that the application of typhoidin to the 
scarified skin is open to the objections so well described by Kilgore. 
In entering on this series of studies, therefore, we determined to 
employ the more accurate method of intradermal injection. 

Suspensions of typhoidin and its corresponding bouillon control 
were made in phenolated saline (0.5 per cent, phenol), so that 0.1 c.c. 
would contain 1 mg., 0.1 mg., or 0.01 mg. of the dried powder in each 
instance. Three rabbits which had been immunized against B. typhosus 
one year previously and reimmunized six weeks before the test were 
shaved on the back. On the following day they were inoculated intra- 
dermally with 0.1 c.c. of each suspension. Three normal rabbits served 
as controls. The results of this experiment are shown in Table 1. It 
will be seen that the dose of 1 mg. of typhoidin is unduly toxic, whi e 
the dose of 0.01 mg. did not produce a reaction in the immune amma 
distinguishable from the reaction in the normal. The medium an 
low doses were then given to L. R. T., a student, who ia 
vaccinated within the year. Reference to Table 1 will show a 
dilution too high to give definite results in immune rabb.ts produce 
distinct reaction in a previously vaccinated person. 

13. Hooker: A Study of the Antigenic Properties 
B. typhosus: Preliminary Communication, Proc. Soc. Exp . 

1916, 13 , 139. 
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REACTION 


A STUDY OF THE SOURCES OF ERROR AND AN ATTEMPT TO 
STANDARDIZE THE TECHNIC * 

REUBEN OTTENBERG, M.D. 

NEW YORK 

In the last’ few years several articles 1 have appeared reporting 
inconsistencies between the results of different laboratories on the 
Wassermann reactions of identical specimens of blood arid tending to 
throw doubt on the diagnostic value of the Wassermann reaction. To 
show that this state of affairs was becoming one of great practical 
significance one need only refer to the fact that in 1915 a committee 
was summoned by Dr. Haven Emerson, then deputy commissioner 
(now commissioner) of health of New York City, to consider the 
whole question of the reliability of the Wassermann reaction, and to 
attempt to standardize the technic. One of the particular reasons for 
the formation of the committee was the use of the Wassermann reac- 
tion by the department of health in the medicolegal examination of 
certain persons, such as food handlers. This committee, composed of 
serologists in charge of Wassermann reactions in large New York 
institutions, held many meetings and obtained some interesting results, 
but unfortunately its work was not completed. The chief difficulty 
encountered was that although each of the workers on the committee 
was doing a large number of tests, and although each of them felt that 
he was doing the Wassermann reaction according to classic and well- 
recognized principles, hardly any two of the dozen members of the 
committee agreed precisely in the technic for any single step in the 
reaction. 

It should be stated at once that with the exception of Dr. Coca, who 
has expressed his opinions elsewhere, 2 the members of the committee 
were unanimously of the belief that in the vast majority of cases the 

Wassermann reaction is reliable and (in our climate, with exceptions 

* 

* Submitted for publication Oct. 12, 1916. 

*From the Department of Bacteriology, Columbia University College of 
Physicians and Surgeons, New York. 

1. Wolbarst: New York Med. Jour., 1913, 97 , 37S; Interstate Med. Jour., 
1915, 19 , No. 2. Pusey: Jour. Am. Med. Assn., 1913, 61 , 921. Stone: New 
York Med. Jour., 1914, 99 , 1242. Gottheil: Progressive Medicine, Sept. 1, 1914, 
p.161. Coca: Bull. Johns Hopkins Hosp., 1916, 27 , 155. Ohle and MacKinney: 
Jour. Am. Med. Assn., 1915, 65, 863. 

2. Coca: Jour. Immunol., 1916, 1, 4S4. 
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reduce results. Haring, and Bell 17 in observing^ the intradermal 
iberculin reaction consider positive any induration at the point of 
loculation larger than the head of a parlor match, increasing in size 
] tlie forty-eighth hour and persisting to the seventy-second hour, 
lay and Claypole 2 describe the typhoidin reaction on immune rabbits 
3 a red areola with a nodule measuring from 2 to 5 mm. which per- 
sts several days after the disappearance of the areola. Force and 
eckwith 10 have shown that smallpox vesicle contents inoculated intra- 
ermally into previously vaccinated rabbits will produce a red areola 
id infiltration appearing within twenty-four hours, but which may 
it reach its maximum until forty-eight hours. Koimerand Moshage 10 
ivise the interpretation of diphtheria toxin intradermal reactions on 
forty-eight rather than a twenty-four hour basis, though this reaction 
not allergic in the sense of the so-called pseudoreaction to diph- 
eria protein. Levinson 18 would regard no diphtheria toxin test posi- 
/e unless there was induration measuring at least 5 mm. by 2 mm. 
id persisting five days with change of color. Weil, 10 in his intra- 
;rnqal tests to detect the presence of pneumonia antibodies, regards 
e reaction positive when there is an area of erythema and a papule 
:rsisting forty-eight hours or more. Combe, 20 in his intradermal 
berculin tests in children, measures the papule present forty-eight 
'Urs after the injection of 0.1 mg. of tuberculin. Zingher 21 describes 
e pseudoreactions obtained by the intradermal injection of diphtheria 
sin as anaphylactic responses of the tissue cells to the protein sub- 
mces of the autolyzed diphtheria bacilli in the toxic broth. The 
action appears early, within from six to eighteen hours, reaches its 
ight in from thirty-six to forty-eight hours and disappears on the 
ird or fourth day, leaving no pigmentation. It is characterized by 
small central area of dusky red infiltration, with a secondary areola 
rich shades off into the surrounding skin. 

In all of these descriptions of skin tests there seems to be a dis- 
sition to recognize the persistence of a well-marked papule to the 
rty-eighth hour and erythema as more satisfactory criteria for posi- 
f e reactions than any comparison of allergin with control. In fact 
our later studies we have discontinued the use of the control 


17. Haring and Bell: The Intradermal Test for Tuberculosis in Cattle and 

igs, Univ. Calif. Pub. Ag. Bull., No. 243, 1914. . . 

18. Levinson : The Value and Limitations of the Schick Diphtheria Reaction, 

nois Med. Jour., 1915, 28, 405. _ ,, , 101 ^ 

19i Weil : Note on a Skin Reaction in Pneumonia, Jour. Exper. Med., 1VW, 


’0. Combe: Diagnosis of Tuberculosis in Infants, Le Nourrisson, January, 
i 4 73 

!1. Zingher: Methods of Using Diphtheria Toxin in .the Schick Test and 
Controlling the Reaction, Am. Jour. Dis. Child., 1916, 11, -oy. 
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ent paper will help to a more catholic attitude. As a result of personal 
acquaintance with a large number of workers the author is convinced 
that the man is more important than the method, and that some 
workers obtain good results with methods in themselves inferior, 
because the worker is intimately informed of the peculiarities and limi- 
tations of the method he uses. Not a few of the workers, indeed, 
follow a technic that can be described only as “rule of thumb” and that 
does not admit of accurate comparison or description, because it 
depends entirely on the experience of the worker. In fact some who 
have published descriptions of their methods introduce into their actual 
work so many personal features that it would be impossible for another 
worker to follow their printed directions and obtain identical results. 
Such methods have no advantage and should be dropped for those 
which admit of precise description and of successful repetition from 
the description by any competent worker. 

The present paper will follow the plan of discussing each source of 
error and each point on which different workers vary under a separate 
heading. 

THE TOTAL VOLUME OF THE REACTION 

Wassermann and his immediate followers, such as Citron and Meier, used 
each of the five reagents entering into the reaction (patient’s serum, antigen, 
•complement, cell emulsion and amboceptor) in sucli a dilution that 1 c.c. of 
each was employed and the total volume at the end of the reaction was 5 c.c. 
For the sake of economy subsequent workers have used smaller amounts, such 
as one half, one quarter, or one tenth of all the reagents involved, so that the 
volumes of their reactions were 2.5 c.c., 1.25 c.c., or 0.5 c.c. In the present 
paper for purposes of comparison the quantities given by all the writers will 
be translated into terms of the original. 5 c.c. volume. 

Whatever particular volume is decided on by the worker must be 
adhered to uniformly in all tubes throughout titrations and tests; 
otherwise fallacious results are easily obtained, because the activity^of 
complement depends on its concentration and not on the total amount 
present. This is a point of some importance which does not always 
receive the attention it deserves. It is suggested that future writers 
can contribute greatly to the ease of study of the subject if they will 
describe all their work in terms of the original Wassermann volume, 
simply stating that the actual quantities used were one-half, one- fourth 
or one-tenth of Those given. 

It will be necessary to exclude from consideration in this present study the 
work of a few authors who, without any special reason, use such arbitrary 
quantities of the various reagents that their results cannot be compared with 
those of any one else. It is unfortunate too that many of those who have 
written on the subject, particularly those who have written statistical or 
clinical articles, have failed to describe their technic or have described it so 
imperfectly that their work has little value. 
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Stokes 20 holds that many skin reactions are not specific in the 
sense that they are the results of antigen-antibody activity* but rather 
the results of the activity of an anaphylatoxin which will produce 
focal inflammation as the result of the action of the subject’s enzyntes 
on his own tissues. This anaphylatoxin is a product of the action of 
a protease released through parenteral introduction of antiferment 
adsorbents. On the other hand, Bronfenbrenner 20 claims that more 
than mechanical action of antiferment adsorbents is involved in these’ 
reactions, since there is an element of specificity, not in the ferment, 
but in the mechanism of its activation. The combination of a specific 
serum with its corresponding antigen is followed by a change in the 
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degree of dispersion of serum colloids, which is in turn followed by 

the activation of the nonspecific ferment. 

While we must admit that parenteral administration of foreign 
proteins gives rise to certain nonspecific responses, we hope to show 
in the case of typhoidin that these general reactions tend to subside by 
the forty-eighth hour; and further, that these reactions are propor- 
tional to the concentration of' the suspension of typhoidin powder, so 
that the specific reaction appears to be unmasked by using small doses 

of the antigen. 


25. Stokes: Studies on Intradermal Sensitizations II- Ari 
action to Agar and an Interpretation of Intradermal Reaction , J 

26. Bronfenbrenner: Specific Parenteral D‘S«tion and lb 
lenomena of Immunity and Anaphylaxis, Jour. Lab. and Clin. Med., . 
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least two Bordet units (twice the least amount of complement which would 
give complete lairing with a very large excess of amboceptor). Wassermann 
made allowance for the natural variation in strength of guinea-pig complement 
by varying the amount of amboceptor, the two units being redetermined by a 
fresh amboceptor; titration each time the tests were made. This method has 
been adhered to by Citron and many other subsequent workers. 

The question of whether to make allowance for the variability in 
complement strength by varying the amount of amboceptor or by vary- 
ing the amount of complement (or even by varying the amount of cells, 
as is done in the Hecht and Weinberg modification of the Wassermann 
reaction) is a question which has not received adequate consideration, 
but which seems to have been determined arbitrarily by different 
workers. 'A large number of workers (such as Thomsen, Boas, 
Macintosh and Fildes, Sormani, Thomas and Ivy, Walker and Swift) 
use fixed amounts of amboceptor and vary the amount of complement 
according to its strength. Others (such as Brack, Citron, Stern, Sachs 
[Schlossberger] ) use fixed complement and varying amboceptor. 

There is something to be said for each procedure (varying ambo- 
ceptor or varying complement). If the practice of keeping a fixed 
dose of complement and varying the amount of amboceptor gave 
equally constant results, it would seem to have one considerable prac- 
tical advantage, namely, that of saving time in the course of a day’s 
work. For since the complement must be in all the tests from the 
beginning, whereas the amboceptor goes in only after the preliminary 
incubation, it is possible to set up tests as soon as the complement is 
prepared, and then while the preliminary incubation is going on, to 
determine at leisure the proper dose of amboceptor to be used with the 
particular complement of that day. On the other hand, when the dose 
of complement is redetermined for each set of tests, the actual setting 
up of the test must wait until the complement has been titrated. 

But while one can -undoubtedly produce the same total hemolytic 
effect by increasing the amount of amboceptor as by increasing the 
amount of complement, there is grave doubt as to whether the effect in 
complement fixation is the same. If one attempts to adjust the total 
hemolytic power by varying the amboceptor instead of the complement, 
one does not keep constant the actual amount of complement which 
enters into fixation in the primary incubation, but only the total hemo- 
lytic effect of the second incubation. Since the second incubation is 
merely a test to see how much complement has been absorbed during 
the first incubation, one deceives oneself if one hopes by varying the 
amboceptor to keep the complement in the test proper (that is, the first 
incubation) at a constant level. 

. For example, if a given positive serum, with a given antigen, con- 
tained exactly sufficient of the reacting bodies to bind all the comple- 
ment present (a quantity of complement which we will represent by 
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TABLE 3. — Summary of Typhoidin Tests 


1 

Class 

Positive 

Doubtful 

Negative 

Negative, % 

Normals 

1* 

m m 

17 

94 

History of Typhoid: 

1899-1904 

5 


Bt 

' 50 

1905-1910 

9 

.. 

1 

10 

1911-1910 

5t 

1§ 


0 

Previously Vaccinated: 

1913 ; 

25 

1 

26 

50 

1914 

14 

2 

13 

45 

1915 

- 7 

1 

3 

■ 27 

1916# 

37 

7 

12 

21 


* For a history of the case of A. G. see matter under the head “Comment” In the text, 
t Four of these gave questionable typhoid histories. 

t One of these gave a questionable typhoid history in 1915, but had been vaccinated in 1912. 
§ For a history of the case of R. L. S. see the case report under the head “Comment” 
in the text. 


TABLE 4. — Reaction to Vaccination (or Revaccination) of Persons 
Previously Receiving Typhoidin Tests 


Class 

Result of 
Test 

Persons Report- 
ing after Each 
Inoculation 

Local Reaction 

General Reaction 

Slight 

Severe 

Slight 

Severe 

1st 

2d 

3d 

1st 

2d 

3d 

1st 

2d 

3d 

1st 

2d 

3d 

1st 

2d 

3d 

Normal 

Untested 

236 

228 

105 

88 

74 

30 

40 

43 

9 

87 

90 

19 

9 

10 

2 


Positive 

1 

.... 

— 


1 

* 

• • 

.. 

1 

.. 


• • 

.• 

.. 

1 




Negative 

9 

8 

3 

3 

3 

# B 

1 

1 

1 

2 






Previously 
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vaccinated... 

Positive 

3 

1 

! 

1 

•• 

•• 

2 

•• 

•• 

1 


•• 

2 

1 



Doubtful 

8 

3 

1 

1 

.. 

.. 

3 

1 

1 

1 


•• 

2 

1 



Negative 

48 

84 

21 

15 

6 

3 

9 

5 

. . 

15 

16 

5 

1 

1 


History of 

















typhoid 

Negative 

5 

2 

1 

* * 

* * 

’ ’ 

1 


1 

* 1 

* * 

1 

1 

1 

. 


The measurements of the reactions were made with calipers in the 
longest diameter and recorded in millimeters. The numbers at the 
left of each column of measurements refer to the areolae, the numbers 
at the right to the papules. A well-marked areola is designated by 
the sign ( placed in front of the measurement. A well-marked papule 
is indicated by the sign ) placed after the measurement. If the 
erythema of the papule- is well marked, the sign ( is placed in front of 
the measurement. A double sign indicated great intensity, of the 
reaction. For example: The record 25.4 ( (10.6) would indicate an 
areola of 25.4 mm. not very well marked, with a central papule of 
10.6 mm. well marked and very red. Positive reactions are indicated 
by the sign +, doubtful by the sign ±, and negative by the sign — . 
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tube contains merely cell suspension and 0.1 c.c. of complement. It 
should show practically no laking. 

VARIATIONS IN THE ^FIXABILITY" OF GUINEA-FIGS'' 
COMPLEMENT 

In the discussion thus far it has been taken for granted that the 
complements of different guinea-pigs are equally amenable to fixation. 
But, as Browning and McKenzie have shown, this is by no means the 
case. They found that if several complements of equal hemolytic 
power were tested under the same conditions, sometimes one and one- 
half times as much' of one would be fixed as of another. And repeat- 
ing the proof of this fact in a different way, I have repeatedly found 
that of four or five complements of equal hemolytic titer tested simul- 
taneously with alcoholic antigen extracts, the one would give complete 
inhibition with the positive serum in a dilution of only one-fourth, 
while another would give equal results with the positive serum in a 
dilution of one-eighth, and still others with the serum in dilutions of 
one-twelfth or one-sixteenth. 

There is no important fact in the whole subject of complement 
fixation that has been, so neglected as this mysterious phenomenon ; 
indeed most workers seem completely to ignore its existence. And yet 
probably it is at the bottom of many contradictory reports from differ- 
ent laboratories. It is true that by using the mixed complements of a 
large number of guinea-pigs one may strike a reasonable average of 
fixability. And this is one of the unrecognized reasons why reports 
from large laboratories where many tests are made are more reliable 
. than from small laboratories where few are made, even though the 
workers be equally competent. But even the average of several speci- 
mens is bound to vary unless the number which goes to make the 
average is impracticably large. 

In the future, if the Wassermann reaction is to become standard- 
ized, as for instance the production of diphtheria antitoxin has become 
standardized (and the former task should be no more difficult than the 
latter), then, among other things, some simple method of testing the 
fixability of guinea-pigs’ complement in the preliminary titration will 
have to be introduced so that specimens of inferior fixability may be 
rejected. As the result of experiments now under way I hope in the 
near future to be able to suggest a method. At present the only way 
to avoid this source of error is to use mixed complements of a large 
number of guinea-pigs; four or five should always be used and if 
possible more. 

Before discussing the dosage of complement for the reaction it will be 
necessary to take up certain considerations connected with the preparation 
of the sheep cell emulsion and amboceptor, the mode of incubation, and the 
anticomplementary effects of normal serum and of antigen. 
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last dose of vaccine) she developed typhoid fever, confirmed by blood culture 
ntnSf a - IOn T' ShC W3S treated With intrav enous injections of Gay- 

skb reaction ane 3 ^ failed t0 gH ’ e more than a very doubtf ^ 


This case further illustrates that sensitiveness bears a direct rela- 
tion to protection. 

Table 4 gives a summary of the local and general reactions to vac- 
cination in persons previously receiving typhoidin tests. The reac- 
tions are arranged on the basis of response to the typhoidin test. In 
general it will be seen that the reactions of normal persons (both 
untested and negative to the skin test) differ veiy little from the reac- 
v tions of previously vaccinated persons showing negative typhoidin 
tests. The revaccination of persons showing complete or partial sen- 
sitization, however, was attended by an increase in the severity of the 
reactions. 

It is ou r growing conviction that typhoid immunity is a much less 
stable condition than has been generally supposed. 27 Whether, as sug- 
gested by Wassermann and Sommerfeld, 2S the reduced susceptibility 
produced by vaccination is liable to fluctuate under the influence of 
undernourishment, secondary infection and poor hygienic conditions; 
or the routine administration of three doses of typhoid vaccine is not 
a safe rule for every person, the fact is that many persons remain 
insensitive to typhoid protein after vaccination or lose their sensitive- 
ness in increasing numbers as time elapses." In the words of Gay, 23 
“in the case of human beings that have been vaccinated against 
typhoid fever we have no assurance that they are really protected and 
still less the assurance as to how long the protection lasts.” 

Pending further information on the duration of immunity, we 
have made a routine practice of advising the students of this univer- 
sity to return for a typhoidin test two years after vaccination. Stu- 
dents now being vaccinated (or revaccinated) are advised to return 
in three weeks for a typhoidin test. All persons showing a negative 


27. Reference to our Table 3 will show that we secured negative typhoidin 
reactions in 50 per cent, of persons who had been vaccinated against typhoid 
three years previously; in 45 per cent, vaccinated two years previously; and in 
27 per cent , one year previously. Lescohier (Duration of Immunity Following 
Smallpox Vaccination, Jour. Am. Med. Assn., 1913, 61, 4S7) has confirmed 
observations of Kitasato which show that 47 per cent. (48 per cent. Lescohier) 
of persons successfully vaccinated against smallpox may be successfully revac- 
cinated after three years; 33 per cent. (33 per cent. Lescohier) of persons after 
two years, and 14 per cent. (28 per cent. Lescohier) after one year l e 
diminution of immunity following smallpox vaccination, as indicated by sus- 
ceptibility to revaccination, shows a striking similarity in point of time to 
the diminution of cutaneous hypersensitiveness to typhoid protein. 

28. Wassermann and Sommerfeld: Experimented Untersuchungen uber die 
Wirksamkeit der Typhus und Cholera-schutzimpfung, Med. Kim. • 

, 28. Gay: New Uses of Specific Skin Tests in Certain of the Intec nous 

Diseases, Am. Jour. Med. Sc., 1915, 149, 157, 
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In practice it makes very little difference which particular period is adhered 
to so long as the same period is always adhered to and so long as the same 
period is adhered to both in titrations and in the actual performance of the 
tests. But for purposes of standardizing the reaction it would seem highly 
desirable that workers agree on some uniform period. The original one-hour 
period of Wassermann seems rather long on account of the delay in practical 
work and in view of the fact that over 90 per cent, of hemolysis takes place 
within the first half hour. The fifteen-minute period is probably too short to 
allow for slight differences in the speed with which the mixtures assume the 
temperature of the thermostat due to variations in the thickness of 
glassware, etc. 

Most authors fail to state whether their incubations are in air 
thermostat or in water bath, yet this is a very essential point, because, 
owing to the greater speed with which the contents of the tubes become 
warmed in the water bath, thirty minutes in the water gives about the 
same result as from forty-five to sixty minutes in the air thermostat. 
The water bath is preferable because the temperature of the air incu- 
bator changes every time its door is opened. 

When a very long period is taken, such as two or more hours, another factor 
plays a considerable role, namely, the dissociation of amboceptor. Muir 8 has 
shown that a certain proportion of amboceptor can be dissociated from the sub- 
stance of cells on which it has already acted and can then lake additional cells. 
For these reasons I prefer the half-hour period of incubation in the water bath, 
which is practically equivalent in result to one hour in the air thermostat. It 
is greatly to be desired that on this and other similar and more or less arbitrary 
points of technic some official standards be set by some of the representative 
organizations of serologists. 

Next to the time factor, the manner in which the ingredients are mixed in 
the titration plays a considerable role. This is particularly true if a short time 
incubation is used. If cells are mixed with amboceptor for ten or fifteen minutes 
before the complement is added, they absorb the amboceptor and are sensitized 
and after the addition of complement hemolysis takes place much more rapidly 
than if the three ingredients are added simultaneously. The advantage of the 
longer periods of incubation is that (due possibly to dissociation) irregularities 
due to such factors as these are more or less equalized. Which of the two 
methods is used (preliminary sensitization of the cells or immediate incubation 
after mixing all three ingredients) is probably not of great moment. But it 
is important that the same method should be uniformly used throughout by each 
worker, a thing which does not seem by any means to be the case, as there are 
some workers who after titrating by one method use the other method in the 
actuahtests. 

A necessary detail which hardly needs to be mentioned to experienced 
workers, but which, nevertheless, is sometimes neglected, is immediate mixing 
of the reagents ; for instance, if cells .are added little by little to amboceptor 
the result is less laking than if all the cells are added at once, probably because, 
due to the great avidity of cells for amboceptor, the first cells added absorb 
more than their share of amboceptor. Likewise if a mixture is made and 
not shaken at once an uneven sensitization and imperfect laking occurs. 

A factor of importance, of course, in determining the unit of amboceptor 
is the amount of complement used in the determination. Wassermann and 
the majority of workers following him use 0.1 c.c. of the mixed complement 
of several guinea-pigs. Some workers, as, for instance, Macintosh- and Fildes, 


S. Muir: Studies in Immunity, 1909. 
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8. Even granting that typhoid immunity is of longer duration than 
cutaneous sensitiveness to typhoid protein, the disappearance of this 
sensitiveness furnishes an indication for revaccination of the person, 
and still allows a margin of safety within the as yet indefinite limits 
of typhoid immunity. There is as yet no evidence that a positive 
typhoidin test is not indicative of protection against typhoid fever. 
In two instances at least, in our experience, a negative typhoidin test 
after vaccination was followed by typhoid infection. We feel justified, 
then, in proceeding on the original assumption of Gay and Force that 
this test may be used as a measure of protection against typhoid. 
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effort has been to find some method of making the reaction more deli- 
cate by diminishing the amount of' complement, while at the same time 
making sufficient allowance for the nonspecific anticomplementary fac- 
tors mentioned. As a matter of fact, the great majority of workers 
now use an amount of complement which is considerably less, generally 
from one half to three fifths of the amount prescribed by Wassermann. 

Wassermann’s quantity, 0.1 c.c., is an actual excess and really 
represents not merely two units of complement with two units of 
amboceptor, but probably three or more units of complement with two 
units of amboceptor. This can readily be shown by retitrating the 
amboceptor unit which has already been determined with 0.1 c.c. of 
complement, but doing the titration with smaller amounts of comple- 
ment. It is found that a considerably smaller amount of complement, 
for instance sometimes 0.06 c.c., will give the same amboceptor unit. 
Kromayer and Trinchese 10 pointed this out in 1912. They showed that 
if an arbitrary (not minimal) amount of complement is used with 
descending amounts of amboceptor, the least dose of amboceptor that 
gives complete taking will be found to do so with a still smaller dose 
(up to 30 per cent, less) of complement. This was confirmed by 
M. Stern 11 in 1914. 

I have often repeated the experiment in the form given below. The ambo- 
ceptor unit was first determined with 0.1 c.c. complement as follows : 

I. Complement 1 to 10, 1 c.c. , 

Amboceptor (No. 267, 1 to 200) 0.15 0.2 0.24 0.28 0.0 

Thirty-minute reading c?* c c c 

* The letter “c” signifies complete laking. 

The amboceptor unit was thus found to be between 0.15 c.c. and 0.2 c.c. of the 
1 to 200 dilution and was estimated as being 0.18 c.c. Now a titration of the 
identical complement with two of these amboceptor units, namely 0.36 c.c. was 
done as follows: 

II. Amboceptor 0.36 c.c. (2 units) 

Complement 1 to 10 0.25 0.3 0.35 

Thirty-minute reading c c 

It was thus seen that with two amboceptor units the least amount of complement 
which would give complete laking was 0.3 c.c. of the 1 to 10 dilution. This 
might therefore be termed the complement unit with two units of amboceptor. 

Now with two such units of complement, namely 0.6 of the 1 to 10 dilution, 
the amboceptor was again titrated and on comparing this with the first of the 
three titrations it is seen that the amboceptor unit obtained with 0.6 c.c. of 
complement is practically identical with the amboceptor unit obtained with 
1 c.c. of the 1 to 10 complement. 

III. Complement 1 to 10, 0.6 c.c. (2 units) 

Amboceptor (No. 267, 1 to 200) 0.15 0.2 0.24 0.28 

Thirty-minute reading c? c c c 


10. Kromayer and Trinchese: Med. Klin., 1912, No. 10, p. 404, No. 41, p. 1670. 

11. Stern, M.: Ztschr. f. Immunitatsforsch. u. exper. Therap., 1914,’ 22, 13o! 
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well known and easily excluded) diagnostic of syphilis ; that most of 
the relatively few instances in which contradictory reports were 
received from different laboratories were cases of actual syphilis 
having very weak reactions detectable by certain technical methods, but 
not by others; and that when all possible precautions are taken false 
positive reactions (that is definite positives, complete or almost com- 
plete fixations) are avoidable. 

As a member of the committee, I took on myself the task of search- 
ing for the origins of some of the variations in technic. I found that 
different writers on the subject had varied among themselves as widely 
as did the individual workers in New York City. In fact in trying to 
get at the truth about such important questions as the superiority of 
one or another antigen, these variations in technic of different workers 
offered great obstacles. It therefore seemed necessary that before any 
serious comparative work on these 'questions could be undertaken, 
certain standards of technic would have to be adopted. 

The review of the literature attracted me to the study of the 
sources of error in the reaction. And in the present article it is pro- 
posed to present the results of experiments on this subject, as well as 
to review critically the principal variations from the original technic 
described by Wassermann. Only those methods will be considered 
which do not depart very widely from the original Wassermann reac- 
tion. Methods of serodiagnosis involving considerable novelty, such as 
that of Noguchi, of Bauer, of Stern, and of Hecht and Weinberg, 
however valuable in themselves, will not be discussed. The committee 
called together by the New York board of health failed to come to an 
agreement, not so much because of radical differences of opinion, as 
because it lacked a definite plan for attacking the problem. It is one of 
the objects of the present study to offer such a plan for future work. 

To many readers some of the considerations detailed below may 
seem so minute as > not to warrant serious consideration. Nevertheless, 
the fact remains that while different laboratory workers can almost 
invariably detect the strongly positive Wassermann reactions and agree 
■ in the vast majority of the definitely normal cases, their results in 
detecting weakly positive reactions with regularity sufficient to have 
diagnostic value disagree widely. These irregularities are not acci- 
dents, but are due to variations in minor points of technic which are 

usually considered of little importance. 

One of the most discouraging features about any attempt to stan- 
dardize the reaction or to compare results (such as the attempt made 
by the committee referred to) is the dogmatic assurance o many 
workers that the particular method that they use (though they never 
have tried any other) gives the best results. It is hoped that the pres- 
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Margarete Stern 11 in 1914 apparently tried to get around ’this difficulty by 
increasing the hemolytic strength of the serum control tube, but not of the test 
proper. She kept the dose of complement constant (0.1 c.c.) and titrated the 
amboceptor in the presence of the antigen, using in the test that amount of 
amboceptor which, caused complete laking in the presence of the antigen ; in 
other words, using what in effect is equivalent to one free unit of amboceptor 
above the amount neutralized by the anticomplementary effect of the antigen. In 
the serum control tube she used not one but one and a half units of ambo- 
ceptor. This seems a dangerous and deceptive practice, since the extra allowance 
of amboceptor for the anticomplementary effect of patient’s serum is omitted 
precisely in that tube' in which it is most important, the test itself. 

The most ingenious and complete method of making accurate 
allowance for the anticomplementary factors in the test is the method 
of Browning and McKenzie, 13 1909. These authors did a daily deter- 
mination of the complement unit, using in this determination five units 
of amboceptor. They then set up a series of serum tubes containing 
one, two, three and four complement units for each serum. For the 
antigen control they likewise set up, with their arbitrary dose of choles- 
terinated beef heart antigen, tubes containing one, two, three and four 
units of complement. For the test itself they used a series of tubes 
containing 5, 7, 10, 15, 20, 30 and 40 units of complement. They thus 
determined simultaneously the anticomplementary value as measured 
in units of complement of the antigen and of each serum tested. They 
require in order that a serum be regarded as positive that it give inhi- 
bition with at least five complement units over and above the number 
of complement units inhibited by the serum itself and by the antigen. 
This system surmounts many of the obstacles which are encountered, 
but the use of the enormous amounts of complement in the last two or 
three tubes of the test (namely, twenty, thirty and forty units) is 
so wasteful as to seem impracticable, and as a matter of fact is seldom 
necessary. 

Indeed, the present author’s trial of this method demonstrated that 
in order to detect many positive serums which were detected by other 
methods (Thomas and Ivy, Citron, Walker and Swift) it was neces- 
sary to. set up tests not with seven, ten, fifteen, etc., units of comple- 
ments, but with three, five, seven, etc., units (titrated, of course, after 
the directions of Browning and McKenzie) . In other words, Browning 
and McKenzie’s stipulation that in order to be regarded as positive a 
serum must fix five or more units is found to be far too exacting. The 
fixation of two or more units of complement can (with cholesterinated 
beef heart extracts) be safely regarded as specific. 

With the slight changes suggested the method of Browning and 
McKenzie deserves very careful trial. One of its great advantages is 
that with it serums which are in themselves to a considerable degree 
anticomplementary can be tested without difficult}', as the serum control 
tubes represent a titration of this anticomplementary property and one 
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METHODS OF KEEPING THE HEMOLYTIC SYSTEM CONSTANT 

The correct adjustment of the hemolytic system is the crucial factor 
in the technic of the reaction. The strength of the complement in 
guinea-pig serum is the most variable factor which enters into the 
Wassermann reaction. If 'it were not for this it would be easily pos- 
sible to give definite rules for the quantities of all the reagents. Before 
discussing the various methods which have been used for adjusting the 
amounts of the hemolytic system, it will be worth while to review 

briefly a few of the fundamental facts of their quantitative relation- 
ships. 


Morgenroth and Sachs 3 showed that within certain limits the amounts of 
complement and of hemolytic amboceptor needed to lake a given amount of 
red cells were in inverse proportions, that is to say, the more complement 
used, the less amboceptor was needed and vice versa. However, a limit is 
presently, reached in each direction, a smallest amount of amboceptor with 
amounts smaller than which the addition of further complement does not produce 
complete laking, and a smallest amount of complement beyond which further 
increases of amboceptor will not produce complete laking. These smallest 
hemolytic amounts it was proposed by Bordet to call units of amboceptor 
and complement, with the idea that in any given serum the volumes which 
Contain these units contain actually equal quantities of the active ingredients. 

Unfortunately the terms unit of complement and unit of amboceptor have 
come to be used in several senses, so that they have practically lost their 
original significance. Most writers have titrated complement with some 
arbitrary amount of amboceptor, or amboceptor with some’ arbitrary amount 
of complement, and have called the minimal hemolytic dose in each case a 
unit of the respective substance. Probably the most generally accepted defi- 
nitions are given by Noguchi; 4 the unit of amboceptor is the smallest amount 
that will completely lake the standard amount of cells in the standard volume 
of fluid in one hour at 37 C. (in the water bath) in the presence of an excess 
of complement; and the unit of complement is the least amount of complement 
which will give complete laking with one such unit of amboceptor. In the 
present article the term unit will be retained, but it will be specified in each 


instance what kind of unit is meant. 

Certain other factors, namely, the duration and mode (whether in water 
bath or air thermostat) of incubation, also greatly affect the results, but for 
the sake of clearness a consideration of these factors will be deferred. Like- 
wise the various technical factors which are believed to affect the strength of 
complement (such as the mode of obtaining blood, whether the guinea-pigs 
are etherized or not, the time which the blood is allowed to stand on the clot, 
etc.) will not be considered here, as the fundamental fact to be faced is that 
quite without these factors the strength of the complement. of different guinea- 
pigs varies widely and the problem to be solved is how to make allowance 
for this variation. 

Wassermann used a fixed dose (namely, 0.1 c.c.) of fresh guinea-pig serum 
as complement, 1 c.c. of S per cent, sheep cells, and two units of ambocepto • 
By two units of amboceptor he meant twice that amount of amboceptor w 
gave complete laking of the amount of cells stated, in one hour, in the air the - 
mostat at 37 C„ with the fixed dose of complement. T }} e at 

was chosen because it was believed to be an excess, that is, P 


3. Morgenroth and Sachs: Berl. klin. Wchnschr., 190-, No. 35, p. 817, 

4. Noguchi : Serum Diagnosis of Syphilis. 
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For example, if the three normal serums entering into the pool 
have anticomplementary values which we will represent by the figures, 
5, 3, and 1, then the anticomplementary value of the pool would be 3 
(the average) and the test done with the serum whose anticomple- 
mentary value was 5 will. not lake completely in the serum control tube 
or the main tube. For this reason the author makes a practice of using 
the next dose above that which gives complete laking both in the titra- 
tion with pooled negative serum and in that with pooled negative 
serum plus antigen. As the tubes in the titration differ by only 
0.005 c.c. of complement, this represents only a very minute amount 
above the one free unit. 

It is generally agreed that with cholesterinated antigen a stronger 
hemolytic system is required than with simple* alcoholic extracts, but 
there is the same lack of uniformity as to the method of determining 
the strength of this hemolytic system as there is among those who 
work with simple alcoholic antigens. Thus Sachs, 10 according to 
Schlossberger, uses the fixed dose, 0.1 c.c. of guinea-pig complement, 
but uses four units of amboceptor, and, as a further precaution, uses 
half the amount of patient’s serum employed in the original Wasser- 
mann reaction. Field 17 specifies from six to eight units of amboceptor 
with from three to four units of complement, although he does not 
describe exactly how these units are determined. Walker 18 and Swift 
use two units of amboceptor and two .units of complement, the unit of 
complement being determined with a single unit of amboceptor, so that 
the amount of complement is generally about 0.1 c.c., and the actual 
strength of the hemolytic system is approximately fourfold. The work 
of Browning and McKenzie described above shows that the same 
principle of subtracting the anticomplementary effect of antigen and of 
patient’s serum from the total amount of complement fixed, as is used 
in Thomsen’s and in Thomas and Ivy’s methods, with alcoholic antigen 
can be applied to the cholesterinated antigen. But the amount of free 
complement which they specify must be fixed (five units) over and 
above these anticomplementary effects in order that the reaction may 
be regarded as a positive one is of course greater than with the 
alcoholic extracts, and, according to my experience, as mentioned 
above, is too great. 

PATIENT S SERUM 

The one element in the reaction the handling of which has undergone the 
least modification is the patient’s serum. The amount prescribed by Wasser- 
mann, 0.2 c.c., as being sufficient to give positive results and yet safe within 
the range of the amount which may give a nonspecific result has been adhered 
to by the great majority of workers. 


16. Sachs: Ztschr. f. Immunitatsforsch. u. exper. Therap., 1913, 20, 115 

17. Field: The Archives 1st. Med., 1914, 13 , 790; Jour. Am Med Assn 

•1914. 62 , 1620. ■ ' * " 

18. "Walker, I. C.: The Archives Ixt. Med., 1914, 11 , 563. 
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the letter x), and we were to repeat the test with the same antigen and 
serum, but with an equal dose of a complement of twice the activity 
(namely, 2x ) , then only half of the second complement would be bound ; 
and although according to the titration one would have diminished the 
amount of amboceptor so as to get the same hemolytic effect with the 
double-strength complement, nevertheless the antigen positive serum 
complex would not have been able to bind any more of the complement 
and there would be incomplete fixation instead of complete fixation as 
in the first instance. 

I have proved this repeatedly 5 by showing that when one carries 
out complement fixation with a specimen of complement exceeding the 
average strength, it is possible to detect far greater dilutions of positive 
serum by using a double laking dose of the complement (as determined 
with two units of amboceptor measured by previous titration with 
average complements) than by using a double laking dose of ambo- 
ceptor (redetermining the laking dose of course with the fixed dose of 
complement used in the test) . In other words, if one attempts to make 
allowance for a strong complement by using a diminished amboceptor 
instead of a diminished complement dose, one invariably misses certain 
weak positive tests. Kromayer and Trinchese 6 have shown the same 
thing by what might be called a reductio ad absurdum; they demon- 
strated that any positive serum will give a negative reaction if a large 
enough dose of complement be used, but with ordinary doses of com- 
plement (after fixation has once occurred) one cannot produce hemol- 
ysis (a negative reaction) by the addition of even enormous doses of 
amboceptor. 

It can readily be seen, therefore, that although superficially these 
two methods of titrating appear to give rather similar results, never- 
theless the choice of one or the other indifferently by various workers 
has probably been the cause of not a few of the discrepancies in results 
obtained with identical serums. 

For the reasons given, then, I am in favor of the practice of titrat- 
ing complement with a fixed dose of amboceptor and of varying the 
amount of complement according to its potency. The exact mode of 
doing this will be discussed 'below when the subject of dosage of com- 
plement is reached. Many workers (including myself) make a practice 
of doing a preliminary approximate titration of each guinea-pigs 
serum, and rejecting any which are decidedly below standard. At the 
same time the control tube is set up for detecting any guinea-pig s 
serum which contains an excess of natural antisheep hemolysin. This 


. Q 

5. Ottenberg: Correct and Incorrect Methods of ^rforming the Dajly 

itrations” for the Wassermann Reaction and Other Forms ot P 
ixation, Jour. Immunol., to be published. ... 

6. Kfomayer and Trinchese: Med. Klin., 191-, vm, 4U-J. 



OTTEN BERG— WASSERM ANN REACTION 


473 


Wassermann himself prescribed that a control tube containing 
double the amount of patient's serum used in the main tube should not 
give inhibition, but experience has shown that he was more cautious 
than was necessary, and a great many workers now use the same 
amount of serum in the serum control as in the rpain tube. Some, 
such as Sachs (according to Schlossberger), Walker and Swift, and 
Brack , 23 adhere to the double dose. 

The use of the double dose of serum in the control tube super- 
ficially appears to be an additional factor of safety. In reality this is 
not the case. It is true that if the patient’s serum possesses a certain 
amount of anticomplementary property, such as might lead to a false 
positive result, this is accentuated and hence more easily detected if 
the double dose is used. On the other hand, if the patient’s serum 
happens to contain a considerable amount of aritisheep hemolysin, the 
control will contain double as much as the main tube, and the more 
complete and rapid laking in the control tube can falsely give the 
appearance of a positive result. The identical dose of serum in the 
control as in the main tube certainly gives a more accurate picture of 
the effect the serum is having in the main tube, and this is the real 
object of a control tube. For these reasons I believe that the dose of 
serum in the control tube should be the same as that in the main tube. 

THE DOSAGE OF COMPLEMENT IN THE SERUM CONTROL TUBE 

To a worker who is accustomed to following the original Wasser- 
mann technic rigorously the use of different doses of complement in 
the serum control tube and in the main tube, as in the methods of 
Thomsen, of Boas, and of Thomas and Ivy, or of a different dose of 
amboceptor in the two tubes, as in the method of Stern, at first seems 
to deviate from the fundamental principles of the test. But, as a 
matter of fact, it does not, since it merely makes allowance for the 
different anticomplementary factors present in the two tubes. In fact, 
this method really offers a safer result than the original one of equal 
doses of hemolytic components in the control and main tubes. For in 
the original method in order to be sure to have enough complement in 
the main tube to overcome any anticomplementary property of the 
antigen, the dose of complement in the control tube, being the same as 
in the main tube, is considerably in excess. But this excess of com- 
plement in the control tube is enough to mask a certain degree of anti- 
complementary effect of the serum; and false positive results due to 
the addition of anticomplementary effects in the main tube are there- 
fore harder to detect. 

Thus, suppose (an actual instance) the titration shows that for the 


23. Bruck: Serodiagnosis of Syphilis, 1909. 
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SHEEP CELL SUSPENSION 

preparation of the sheep cell suspension has undergone but one modi- 

m a inrUv !!f Ce Wassermann s work and that is a modification which a great 
majority of workers have adopted. However, there are some workers as for 
instance, Citron, who still adhere to the original method. 

Wassermann used 1 c.c. of a. suspension, which represented five volumes 
of the whole blood of the sheep diluted with ninety-five volumes of saline (the 
cells of course having in the meanwhile been carefully washed at least three 
times by centrifugalization). On account of the fact that various sheep do 
not agree in the number of red cells per cubic centimeter of their blood, most 
subsequent workers have used an emulsion representing five parts of compact 
sedimented washed red blood cells added to ninety-five parts of saline. 

This really represents approximately twice as strong a red cell suspension 
as the original, a fact which does not seem to have received much attention. 
However, nearly all workers now use 5 per cent, of the sediment as their 
standard, and it would seem especially important to adhere to this method in 
case the same sheep is bled repeatedly and hence gradually becomes anemic. 
In measuring the sediment it is far preferable to measure in a graduated centri- 
fuge tube, reading the upper level of the cell sediment at the end of a definite 
length of time (ten minutes) in a centrifuge of a definite number of revolu- 
tions per minute (from 4,000 to 6,000), rather than to depend on measuring the 
compact sediment with a graduated pipet. 

When defibrinated blood is used (as it is by nearly all workers) it is 
important that the cell suspension contain no small clots. These contain a 
great number of red cells and by absorbing an undue share of amboceptor 
interfere with hemolysis in the particular tubes that they finally reach. They 
are removed by filtering the defibrinated blood through gauze or by very care- 
ful decantation. 

The sheep red cells, as well as the complement, represent a variable factor, 
since it has been shown (Ottenberg and Hopkins T ) that individual sheep vary 
considerably in their resistance to hemolysis. This factor is very hard to make 
allowance for, and probably the best method is to keep one or two sheep in 
the laboratory and use the blood of the same animal during as long a period 
of time as possible. However, the range of variation is not nearly so great 
as that of complement and probably plays a far smaller role in the irregularities 
in the results of the reaction. 

THE TECHNIC OF AMBOCEPTOR TITRATIONS 

The absolute titer of the particular amboceptor used is practically a matter 
of indifference (the term amboceptor will be used here for immune sheep red 
cell hemolytic serum). It can also be accepted as a fact that after the first 
few days the potency of amboceptor, if properly preserved, remains practically 

constant over long periods of time. . 

In determining the strength of a new amboceptor there are a number or 
apparently trivial points of technic which, however, may make a considerable 
difference in the result. The first of these is the element of time. Hemolysis 
is a' reaction which progresses gradually and which is not completed a any 
one definite time. Therefore, the period of time taken at the end of which the 
degree of hemolysis is read is to a certain extent arbitrary. Wassermann made 
the readings in his titrations at the end of one hour m e „, t> 

because at the end of that time hemolysis is almos complete, Thomsen Boas, 
and others, however, because hemolysis is not absolutely complete at one^hour, 
use a two-hour period. Stern used one and a half . hours. 0 ' fifteen 

order to save time dot heir readings after a half hour (Sormam) or fifteen 

minutes (Field, Kaliski, and others). 

“ 7. Ottenberg and Hopkins: Proc. Soc. Exper. Biol, and Med., June, 1914. 
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this regard, using the same strength of hemolytic system in the serum con- 
trol tube as in the main tube, this is probably the safer procedure. Unfor- 
tunately, however, in case the patient’s serum contains any natural antisheep 
amboceptor, the control tube will contain twice as much as the main tube; 
and this, if one depended on the natural antisheep amboceptor, could easily 
give one a false weak positive result. Thus, for instance, if the ordinary dose 
of serum (0.2 c.c.) .contained not quite enough antisheep amboceptor to 
produce complete laking, the control tube containing twice as large a dose 
of serum would contain more than enough to produce laking and one would 
get the appearance of partial inhibition in the main tube with complete laking 
in the control tube. Therefore, if the test is done with double serum con- 
trol, one must invariably add amboceptor and disregard any appearance of a 
positive reaction obtained with natural amboceptor alone. To do this, how- 
ever, as will be shown below, causes one of necessity to miss a certain small 
proportion of weakly positive reactions, which become negative due to the 
excess of natural amboceptor present. It is possible, of course, to avoid 
missing these by repeating all the tests that contain much natural amboceptor 
after its absorption or by subjecting all serums to absorption in the first place. 
This subject will be further discussed below under the heading of natural 
antisheep amboceptor. 

THE MANAGEMENT OF NATURAL ANTISHEEP HEMOLYSIN IN 
THE PATIENT'S SERUM 

Many authors have referred to the frequent occurrence of natural 
antisheep amboceptor in appreciable amounts in human serum. 2,4 The 
well-known modification of Bauer, as well as that of Hecht and 
Weinberg, take advantage of this ; and the substitutes for the Wasser- 
mann method, such as that of Noguchi, are devised chiefly to eliminate 
the error caused by it. The occasional occurrence of a great excess of 
such natural amboceptor is also well recognized. ' Thus Ottenberg and 
Frazier found in 2,158 tests that 955 serums (44 per cent.) had an 
appreciable amount of natural amboceptor, and that 476 (21 per cent.) 
had sufficient to produce complete laking without further addition of 
amboceptor. 

In obtaining these figures the complement was always titrated and the 
amount used represented two complement units, as discussed above under the 
head, dose of complement, and was generally about 0.06 or 0.08 c.c. Those 
samples of complement which were below the average were rejected and 
not used, while those which were above the average in activity were used 
in a smaller dose so as to equal the average. If all the human serums had 
been tested with the arbitrary amount (0.1 c.c.) of guinea-pig complement 
used in the original Wassermann reaction, it would have been found that 
a far larger proportion show natural amboceptor, as smaller amounts of natural' 
amboceptor are brought out by greater amounts of complement. (In fact' with 
larger amounts of complement over 90 per cent, of human serums are found 
to contain some antisheep amboceptor.) Thus when Wassermann tests are 
done using a fixed amount of guinea-pig serum as complement, as is done by 

24. Wassermann, Neisser, Bruck and Schucht: Ztschr. f. Hyg. u. Infections- 
krankh., 1906, 55, 451. Jacobaeus: Ztschr. f. Immunitatsforsch. u. exper. 
Therap., 1911, 10, 321. Rossi: Ztschr. f. Immunitatsforsch. u. exper. Therap.," 
1911, S, 615. Dexter and Cummer: The Archives Ixt. Med. 1912 9, 605. 
Olmstead: Med. Rec., New York, 1914, 85, 341. 
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Walker, and L Kolmer, use 0.05 c.c. Oluf Thomsen uses 0,08 c.c of complement 
^plaining that rt is an excess While 0.1 c.c. of complement doe7no ™epS 

SL-l Se f n P T b e K e m eS l 0f COmplement > nevertheless for the sake of S 
fonmty ^ had probably better be adhered, to. If the • amboceptor unit as 
determined with a very large excess of complement were an absolutely con- 
stant and standard" thing, it would probably be better to use such a Bordet unit 
But (as was found m investigations of the board of health committee referred 
to above) this is not the case, and even with a great excess of complement, 
on different days, when the complement is obtained from different guinea-pigs 
the amboceptor unit shows slight variation. Furthermore, when one uses 
amounts of complement decidedly above 0.1 c.c. the natural antisheep hemolysin' 
of guinea-pigs often begins to interfere with, the titration: It therefore seems 
best to titrate the minimal hemolytic dose of amboceptor with 0.1 c.c. of com- 
plement on a number of successive days and to take as the amboceptor ’unit 
the average of the minimal hemolytic amounts. If this is done, it is probable 
that workers in different laboratories can at least work with fairly uniform 
amounts of amboceptor and red cells. 


THE DOSE OF COMPLEMENT 

The factor which more than any other determines the accuracy of 
the reaction is the dose of complement used, and yet this is a factor on 
which different workers vary from each other perhaps more thtpi in 
any other. Wassermann, followed by Citron 0 and a good many other 
workers, used a fixed dose of complement, namely, 0.1 c.c., the ambo- 
ceptor and the antigen dose being adjusted so that this amount of 
complement would represent a sufficient excess to prevent any non- 
specific fixations. Subsequent workers have modified the amount or 
the principle of determining the amount of complement with the gen- 
eral idea that the smallest amount compatible with safety should be 
used. 

In reasoning on the subject certain factors which interfere with the 
hemolytic action of complement must be recognized. Practically all the 
substances used as antigens, if taken in a large enough dose, interfere 
with the action of complement. Likewise, human serum, whether nor- 
mal dr syphilitic, interferes to some degree with the action of comple- 
ment, and this anticomplementary power of serum is very variable for 
different individuals, and furthermore, it depends on the age and con- 
dition of the serum. Beside this it is possible that some normal serums 
have a very small but appreciable power of reacting with antigen in a 
nonspecific way. It was to prevent false positive results due to these 
factors that Wassermann established his standard of a hemolytic 
system of double strength (two units of amboceptor) and the dose of 
antigen the double of which should not of itself at all inhibit the action 

of bhe hemolytic system used. 

It has appeared to most of the subsequent workers that this system 
provides a somewhat larger safety zone than is needed, and the genera 


9. Citron: Immunity, translated by A. L. Garbat, 1914. 
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valuable absorption has proved in these cases may be seen from the 
fact that in the last eight months of 144 negative reacting cases which 
were retested after absorption of a considerable excess (two or more 
units) of natural hemolysin, thirty-six cases became definitely positive. 
Of these, seventeen became weakly positive (plus or double plus) and 
nineteen became strongly positive (triple plus or quadruple plus). All 
of these were cases in which there were good clinical grounds for 
suspecting syphilis. 

If the reliability of the reaction is to be increased it seems to me 
that all those methods of complement fixation which depend exclusively 
on the natural hemolysin of human serum, as well as those like the 
Hecht- Weinberg reaction, which depend also on the natural comple- 
ment, should be rejected. Ingenious as these methods are, they should 
be regarded as tours de force which tend away from, rather than 
toward, accuracy and reliability. 

PRIMARY INCUBATION 

Bordet and Gengou, Wassermann, and other early workers in complement 
fixation experimented with various periods of time and various temperatures 
for the incubation during which the fixation of complement occurred. It 
was found that the temperature does not play a very great role, but that 
fixation occurs somewhat better at temperatures approximating 37.5 C. than 
at other temperatures. It was found also that fixation is not a reaction which 
occurs suddenly, but one that occurs progressively and that in general the 
longer the time the more complete the fixation - of complement. However, 
as it was found that at 37.5 C. complement deteriorated after several hours; 
and as most of the fixation possible occurred in the first hour, Wassermann 
established the' rule of doing complement fixations at 37.5 C. for one hour, 
and until recently this was adhered to by most workers. 

On account of the fact that fixation goes on almost as well at lower 
temperatures (from 8 to 10 C.) as at body heat, and that at these tem- 
peratures the deterioration of complement in longer periods than one 
hour is exceedingly slow, Jacobsthal, 27 1910, advocated doing the pre- 
liminary incubation in the icebox at from 8 to 10 C. for longer periods 
(from three to four hours). This, the so-called icebox method, has 
been tried out by a great many other workers (Altman, 28 1913, Leredde 
and Rubinstein, 20 1914), and has been found to give results decidedly 
superior to the one-hour incubation at 37.5 C., and to give no false 
positive results whatever. Very much longer periods, such as from 
twelve to eighteen hours in the icebox, have been found unsatisfactory. 

In many hundreds of tests done in parallel with icebox and with 
thermostat (37.5 C.) incubation, I have been able to confirm this, and I 

27. Jacobsthal: Deutsch. Med. Wchnschr., 1913, 39, 1337; ibid., No. 29, p. 1435. 

28. Altmann: Arch. f. Dermat. u. Syph., 1913, 116 , 871. 

29. Leredde and Rubinstein: Bull. Soc. frang. de dermat. et de syph 1913 
No. 2, p. 93. 
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Thus, if Wassermann tests were set up with 0.6 c.c. of the 1 to 10 
dilution of this complement and two units (0.36 c.c. of the 1 to 200 
dilution) of this particular amboceptor, the amount of complement 
would really represent two units of complement as determined with 
two units of amboceptor; and it is seen that 1 c.c. of 1 to 10 comple- 
ment (namely, 0.1 c.c. complement) really represents three or more 
units. The author has found in practice, as have many other workers, 
that the smaller of these two amounts, namely, two units of comple- 
ment and amboceptor, represents (with simple alcoholic extracts as 
antigens) an amply sufficient margin of safety, and gives far more 
delicate results than the larger, arbitrary dose of complement. The 
reason that led the majority of workers to use smaller amounts of com- 
plement was not, of course, any theoretical consideration such as these, 
but the practical experience that smaller doses were safe and gave 
better results. The question, however, by what criterion to decide just 
what dose to use has not been settled. 

It is obvious that it would not be safe to use one unit of amboceptor 
with one unit of complement for the reason that this would make no 
allowance for the anticomplementary effects of antigen and of patients’ 
serum. What is needed, of course, is one complete unit of complement 
(that is sufficient to produce complete laking) above and beyond that 
amount of complement which is neutralized by the nonspecific comple- 
ment-binding powers of the anticomplementary agents present in the 
reaction. > 

Maslakowitz and Lieberman, 12 Browning and McKenzie 13 in 1909, 
and Thomsen 14 in 1910 made the first steps in this direction. Thomsen 
proposed to determine the free unit of complement by titrating the 
complement in the presence of antigen, and using in the tests that 
amount of complement which (with two units of amboceptor) just 
gives complete laking in the presence of the arbitrary amount of 
antigen used. In the serum control tube he used one unit (as deter- 
mined with two units of amboceptor, but of course not in the presence 
of antigen). This method is correct in principle, but it does not go far 
enough, since it disregards the slight, but frequently present, anticom- 
plementary effect of the patient’s serum, with the result (as the author 
can testify from having tried the method extensively) that the patient’s 
serum is occasionally found anticomplementary in the serum control 
tube, so that one cannot with safety report the result of the test. 


~ [iT&^kowitz and Liebman: Ztschr. f. Immunitatsforsch. u. exper. Therap., 

191 13 . Browning and McKenzie: Ztschr. f. Immunitatsforsch. u. exper. Therap., 

190 14. 2 Thomsen, Oluf: Ztschr. f. Immunitatsforsch. u. exper. Therap., 1910, 
7, 3C9. 



J 


Incubation 
a. Prelim, 
b. Pinal 


Quantitative Heading 


Special Points 


Natural Hemolysin 


a. 1 hr.)37.5 0. ‘ Degree of laking 

b. liir.j ! 

air (or water I 
bath) j 

a. 1 hr. ) 37 0. ! 

b. 1 hr. i 


a. 1 hr. ? 37 C. Tube 1 full doses, Tube 2 half 

b. 1 hr. ) doses ant, and serum. 1 and 

air 2 complete ++++, l comp. 2 

partial +++, 1 comp. 2 none 
++, 1 partial 2 none + 

a. l(4hr.)37 C. Estimated by descending doses 

b. 1-2 hr.) air of antigen 


a. 1 hr. ) 37 C. > One extra tube with half dose 

b. 2 hr. j ; serum. Headings after Citron 

water bath j scale (though both tubes get 
read 4-G hr. j full dose antigen) 

later room : 
temp. I 


Sensitizes cells 15 minutes... 


Acknowledged as 
avoidable source 
error 


Sensitizes cells 


Sensitized ceils. Uses 4 doses 
antigen; as control uses 4 
double doses; reads tube 
.whose double antigen is 
completely laked 


Disregarded. 


I 

t 

Hode of Titrutic 


Daily determination ■ 
boceptor unit with 
complement 


un- 

of 


Daily amboceptor ti; 
with 0.05 c.c. complei: 


Daily amboceptor ti'. 
with 0.1 c.c. complei:; 


Daily amboceptor ti ' 
with 0.1 c.c. compleni 


(Daily complement ti 
with one amboceptor: 


Daily complement mi. 
boceptor titrations 1 
ultaneous") (> 


a. 1 hr. ? 37 O. Degree of laking 

b. 1 hr. ) air 


Uses always 3 antigens; 
positive result with any 
one is conclusive 


“Bauer tube’’ with Vs 
dose serum. If com- 
pletely laked may ab- 
sorb 


Daily complement ti; 
with one unit ainboj 


I Six arbitrary doses antigen 
j (similar to Sormnni) 


Daily complement til. 
(not described exact) 


a. 1(4 lir.)37C. Read the number of complc- 

b. 1(4 hr.) ment units fixed above sum 

of units fixed by extract 
alone and serum alone. Posi- 
• tlve only if 5 or more units 
b. 1(4 hr.) ment units fixed by extract 


Ox cells used because 
hemolysin for them is 
rarer 


Daily titration 
ment unit 


of 


a. lhr. ) 37 C. Descending doses of serum (0.2, 

b. 2 hr. ) 0.1, 0.05; if needed, 0.025, 0.012, 

reads next; 0.006). Hemoglobin scale; re- 
day ports positive only if over 

, 20% Inhibition 


Anticomplementary serums 
tested by titrating amt. 
complement serum alone 
destroys and repeat test 
with this amt. added to 
all tubes 


a. % hr.Jroom Dike Thomsen 
% hr.) 37 C. 

b. 2 br. reads 
’ next day 


Daily titration of ii 
ment unit and of ti 
ment unit in presej 
antigen dose j 

i 

) 


Dike Thomsen 


a. 1 hr.) 37 C. Descending antigen doses 

b. (4 hr.) (smallest is least that gives 

4- result with secondary 
-v syphilitic serum. Hive tubes 

reads, 2/10, 4/10, 6/10, S/10, 
10/10 positive) 


j Dike Thomsen j 

i t 

l I 


a. 1 hr.)37 O. None 

b. H4 hr.) 


Daily titration of air 
tor unit (with o.l c.c 
plement) and of an 
tor unit in preset! 
dose of antigen 


a. 1 hr. ) 37 C. ; Increasing units of comple- 

b. 1 hr. ( , ment (2, 3, 4, or more). Units 

; determined in separate titra- 
, tion are added to dose used 
in main tube. Thus 2 units in 
test means dose in main tube 
, plus l bare unit 


Daily titration of e 
ment unit (with lixei 
amboceptor) and of 
plement unit in prest 
antigen and normal 
together and of x 
serum separately 


a. 4 hr., ice 
box, s Q. 

b. 1 hr. water 
bath, 37 O. 


Tube I full dose. Tube 2 half 
dose serum, but both full 
dose antigen; readings on 
Citron scale 


Separate amboceptor titra- 
tion of each pig: rejects 
those that are beiow aver- 
age. All tests done in 
duplicate 


Receives no attention. Daily determination t- 
Each guinea-pig is. boceptor unit with ( 

however, tested for complement l hr in 

natural hemolysin and bath 37 C. 
rejected if any is prer- 
ent 


i 
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simply has to subtract the number of complement units found inhibited 
m the serum control in order to make allowance for the anticomple- 
mentary property of the serum. 

One of the most satisfactory methods of determining the comple- 
ment doses according to the principles laid down by Maslakowitz and 
Lieberman 1 " and by Thomsen, 14 is the method proposed by Thomas 
and Ivy* in 1914. It follows the method of Thomsen fairly closely, but 
it has the advantage of making an allowance for the. anticomplementary 
effect of normal serum, as is done in Browning and McKenzie’s 
method, and it might be called a combination of Thomsen’s and 
Browning and McKenzie’s methods. 

It consists of using in the test the minimal amount of complement 
which gives complete laking when titrated in the presence of the 
arbitrary dose of antigen and the amount of negative serum used in 
. the test. The negative serum for this titration is pooled negative serum 
from several patients. Before the amboceptor and cells are added for 
the titration, the complement, serum and antigen are incubated as for 
the test proper, so that the anticomplementary ‘ effects of antigen and 
of serum (whether normal or syphilitic) are imitated under exactly the 
same conditions as those under which they exert their influence in the 
test. The dose of amboceptor used represents approximately two or 
three units. It is necessary to pick out such negative serums as contain 
no natural antisheep amboceptor, otherwise the complement titration is 
illusory. 16 In the serum control tube the amount of complement used 
• is that which gives complete laking in an exactly similar titration done 
in the presence of pooled negative serum, but not of antigen. The 
amount of complement in each tube, therefore, represents exactly one 
free unit above the amount neutralized by the anticomplementary 
properties of pooled negative serum in one case, and of negative serum 
and antigen in the other. 

I have used this system extensively, and believe that it represents 
the most delicate and accurate way of determining the safe minimal 
dose of complement to use. In practice, however, it was found not 
safe to use the absolutely smallest amount of complement which just 
gave complete laking, for the reason that human serums, even when 
fairly fresh and recently inactivated, vary slightly in their anticomple- 
mentary property. Hence, if one uses the minimal amount which m 
the titration gives complete laking, then a serum wnich has s ig t y 
more anticomplementary property than the pooled negative serum used 
in the titration will give an unsatisfactory result, due to the serum 
control tube being incompletely laked. 


* Thomas, B. R., and Ivy, R. H. : 
15. Ottenberg and Frazier: Jour. 


Applied Immunology, 1915. 
Infect. Dis., 1915, xvi, 119. 
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b. l hr. 1 air j 


Uses always 3 antigens; 
positive result with any 
one is conclusive 


“Bauer tube” with Vs 
dose serum. If com- 
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b. 1 Ur. water dose antigen; readings on 
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Thomas S and C Ivv* r!914'i^ Ch !l >SS ^ er ^ e ^ ( ^ 13) ’ browning and MacKenzie (1909) 
i nomas and Ivy (1914) and some others used a half of the usual dose namelv 

0.1 c.c. Schlossberger acknowledges that the larger dose increases the sens!’ 

tiveness of the reaction and is safe provided one uses a slightly more active 

hemolytic system. It is interesting to note that all the workers 7 who use the 

smaller dose of patient’s serum use relatively very 'large doses of antigen 
extract. ^ 

On the other hand, there have been a number of attempts, such as those 
of Kromayer and Trinchese 6 (1912), Ledermann 13 (1913) and of Thiele and 
Lmbleton,^ to increase the delicacy of the reaction by increasing the proportion 
of patient’s serum. Thiele and Embleton, who use up to five times the usual 
quantity, attempt to compensate for this by using a relatively much smaller 
amount of antigen than other workers, and although the general opinion of 
other workers seems to be that this method is unsafe, it does not appear to 
have been tried by others as it deserves to be. Field, in addition to using 
the regular amount, uses a tube containing double the amount of serum, but 
he regards a positive result obtained with this amount in the presence of a 
negative result with the regular amount as being merely a “suspicious” 
reaction. 

With spinal fluids the use of far greater amounts has been found to be 
safe and to detect reactions which would otherwise be lost. The method 
introduced by Hauptmann* of using graded amounts up to 1 c.c. is now gen- 
erally followed. Some workers even carry the dosage up to 2 c.c., and as 
long as the control is satisfactory this seems justifiable. 


INACTIVATION 


Practically all workers inactivate the patient’s serum by heating in a 
water bath for a half hour at 56 C. This is not done, however, with spinal 
fluids, unless they are several days old before being tested. Inactivation of 
course has for its purpose not only the removal of the unknown additional 
amount of complement in the patient’s serum, but the destruction of the 
anticomplementary effect of some serums, the latter being the more important. 

The observation of Seligman and Pincus'' 1 that the use of active patient’s 
serum leads to a certain proportion of false positive reactions has received 
general acceptance. Only Graetz’~ (1913) denied this and believed that with 
proper technic it was possible to get perfectly reliable results with active serum. 
Noguchi showed that the false positive results with active serum were due 
to certain impurities, probably lipoid-protein combinations in the antigen, 
which were removed by his method of acetone precipitation of the. alcoholic 
extracts, and he recommended that with his acteone insoluble lipoids active 
serum be used. In spite of this and of the undoubted fact that heating 
destroys some of the positive reacting substances, practically all sexologists 
at present agree that inactivation is necessary to avoid nonspecific results. 


/ THE SERUM CONTROL TUBE 

The amount of patient’s serum to be used in the serum control tube 
without antigen has undergone but one modification, and this is one 
which is very widely used. 

^Hauptmann and Hossli: Mtinchen. med. Wchnschr ., 1910, 57, 1581. Haupt- 
mann: Deutsch. Ztschr, f. Nervenh,, 1911, 42, 240. 

19. Ledermann : Med. Klin., 1913, No. 50, p._ 2071. 

20. Thiele and Embleton: Ztschr. f. Immumtatsforsch. u. exper. T P-, 
16 ’2?°sJgSal 3 a»d Pincus: Ztschr. f. Immnnitatsforsch. >,. exper. Therap, 

191 » Grae’z': Med. Klin., 1913, 9, No. 45, p. IS 38; ibid., No. 46, p. 1898. 
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fraction there is a prezone, that is to say, that when the tests are done 
in the particular way in which Coca does them, if the antigen is 
increased beyond a certain point, one fails to get a positive reaction 
with some serums. 

In experimenting to determine the correct dose of antigen to use 
for Thomsen’s or Thomas and Ivy’s methods of doing the reaction, I 
have come across certain facts, which, while not suggesting a prezone, 
indicate that the larger dose of antigen does not necessarily give a 
positive reaction with a weaker reacting serum than does a smaller 
dose of antigen, in each instance the complement dose being so 
adjusted that no anticomplementary effect is to be feared from the 
antigen. It will be remembered that in these methods (those of 
Thomsen, Boas, Thomas and Ivy) the dose of antigen recommended 
was quite arbitrary and the complement dose was adjusted to the 
antigen in each case. It seemed to me in working with these methods 
that the arbitrary dose chosen might not be the optimum one. Experi- 
ments were therefore made with larger doses with the surprising result 
that when the complement dose was enlarged sufficiently to allow for 
the larger anticomplementary effect of the larger dose of antigen, 
complement fixation was not obtained with so high dilutions of a posi- 
tive serum as when a smaller dose of antigen was used. The reverse 
experiment was therefore tried, namely, the use of smaller doses of 
antigen than the arbitrary ones usually given, and it was found that 
actually somewhat better results could be obtained with smaller doses, 
namely, fixation in higher dilutions of the positive serum. For this 
reason I am now using an amount about half as large as that recom- 
mended by Thomsen and by Thomas and Ivy. 

The probable explanation of these observations is that when the 
dose of antigen is increased beyond a certain point, the amount of 
complement which has to be added to overcome its anticomplementary 
effect is too great to be fixed by certain grades of positive serum, or, 
in other words, that beyond a certain point the anticomplementary 
effect of antigen increases more rapidly than its antigenic effect. This 
suggests a method of determining the optimal dose of each new antigen 
for the Thomsen or Thomas and Ivy or the Browning and McKenzie 
methods. This method will be discussed below. The experiments on 
which it is based are described in a separate publication . 32 

Wassermann himself laid down the rule that the dose of antigen 
should be one half of the largest amount which itself was found to be 
not at all , anticomplementary ; and the tests were not to be read until 
the control tube containing double the dose of antigen used in the tests 

32. Ottenberg: Methods of Determining the Optimum Amount of “Antigen” 
for the Wassermann Reaction, Jour. Immunol., to be published. 
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0n f ” a ! ^ssermann s y stem the required dose of complement (two 
units) is 0.1 c.c., and the amount needed for a system such as Thomas 
and Ivy s in the tube containing both antigen and serum is 0.09 c.c. 
and in the control tube with serum alone 0.06 c.c. In the original sys- 
tem, of course, the control tube with serum alone gets the same dose 
of complement as the main tube, 0.1 c.c. But this excess may be 
enough to mask the anticomplementary effect of some particular serum 
and nevertheless this anticomplementary effect, added to the slight 
anticomplementary effect of the antigen in the main tube, may be 
enough to give falsely a weak positive result. 

To make this clearer, consider the above instance ; the unit of com- 
plement was found to be 0.05 c.c., the unit of complement as deter- 
mined in the presence of pooled negative serum 0.06 c.c., the unit as 
determined in the presence of serum and antigen 0.09 c.c. From these 
figures it is clear that the pooled negative serum has an anti comple- 
mentary value of 0.01 c.c., and the antigen an anticomplementary vaiue 
of 0.03 c.c. Now it is clear from this that in the original Wassermann, 
in which the identical amount of complement, 0.1 c.c., is used in both 
main and control tubes, in the average case in the main tube there is 
0.06 c.c. free complement, and in the control tube 0.09 c.c. But sup- 
pose that among the serums to be examined on a particular, day there 
was one whose anticomplementary value was as high as 0.05 c.c. of 
complement, then in the original Wassermann this would still leave in 
the control tube 0.5 c.c. of complement, sufficient to give complement 
iaking in the control tube, while in the main tube this anticomple- 
mentary effect added to the slight (0.03 c.c.) anticomplementary effect 
of the antigen would use up 0.08 c.c. of complement and leave only 
0.02 c.c., in other words, would give the appearance of partial inhibi- 
tion or a false positive reaction, since the control tube would be com- 
pletely laked. On the other hand, if the tests were set up so that an 
exact unit above the average anticomplementary effect of human serum 
was used in the control tube, rather than the huge excess of the original 
Wassermann, the anticomplementary property of this serum would be 
detected readily and a false positive result would not be reported. 

This is undoubtedly 'one of the reasons why all workers refuse to 
attribute much diagnostic value to weak inhibitions with the original 
Wassermann system. It is likely that the practice of more accurate 
adjustment of the complement dose in the serum control tu e wi 
weak inhibitions more significant. It is the particular advantage o e 
system of Browning and McKenzie that it makes accurate allowance 
for the anticomplementary effect of each serum tested. 


In the original technic of Wassermann the attempt was made to avoid this 

source of error by the use of the double quanti ? ° £ original method in 
serum control tube. And for those who adhere to the ongi 
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There does not seem to be a fixed principle on which the selection 
of this arbitrary dose is based except the principle of empirical experi- 
ence, the fact that one obtains satisfactory results with the dose used. 
All of these workers used doses which, compared with those used in 
the original Wassermann system, are large, but the hemolytic system 
is adjusted to the dose of antigen. Though the larger dose superficially 
seems to have the advantage of providing a greater multiple of anti- 
genic units than the smaller dose, this is not actually the case. And 
(as is pointed out in a separate communication) the dose should not 
be arbitrary, but should be determined accurately by ascertaining which 
one of a series of possible doses of antigen, when combined each with 
its appropriate dose of complement, gives complete fixation with the 
highest dilution of a positive serum. 

To summarize this important subject of dosage of antigen, there 
are two schools of workers, those who adjust the dose of antigen to 
the complement and those who adjust the dose of complement to the 
antigen. 

In the former school, comprising such workers as Wassermann, 
Citron, Sachs, Walker and Swift, Noguchi, and New York department 
of health, the standard by which the dose of antigen is determined is 
the anticomplementary effect; but the method of adjusting the dose 
according to the anticomplementary effect varies widely. It is sug- 
gested that in the interest of uniformity all workers who follow this 
plan should adhere to Wassermann’ s original standard, the dose of 
antigen which of itself, after preliminary incubation, is not at all anti- 
complementary. This dose, in my experience, is more constant and 
easily determined than the dose which begins to be anticomplementary 
or the dose which is just completely anticomplementary. Which par- 
ticular fraction, one half, one fourth, one sixth, or what not, of this 
nonanticomplementary dose should be chosen, is a matter of empirical 
determination and has to be settled for each type of antigen separately. 
Probably a majority of the workers who use simple alcoholic extracts 
or acetone insoluble lipoids would agree on one half of the nonanti- 
complementary dose. With cholesterinated antigens it is generally 
recognized that a smaller fraction is necessary. Boas 33 pointed out in 
1913 that if the usual rules of dosage were applied to cholesterinated 
antigen nonspecific results were frequent. It is possible that some of 
the unfavorable reports on cholesterinated antigens in the literature are 
based on dosage relatively too great. 

The second school of workers, who use an arbitrary dose of antigen 
and adjust the dose of complement to it comprise such workers as 


33. Boas: The Wassermann Reaction, Ed. 2, 1913. 
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presence of nkturatimboce^or^rf Sy^uS'^eS^thto when tfT t0 ** 
of complement is varied according to its strength. * the amount 

/VI though some workers pay no attention to natural amboceptor, a 
perusal of the literature and my own experience leave no doubt that if 
t re presence of natural amboceptor is disregarded a certain small per- 
centage of false negative reactions is obtained. Some authors have 
undoubtedly exaggerated the proportion of such cases. Nevertheless, 
it is obvious that the occasional coincidence of a large excess of natural 
amboceptor with a small amount of so-called syphilitic antibody will 
inevitably lead to this error. In spite of the many methods which have 
been proposed to obviate this difficulty there is -none entirely satis- 
factory. The absorption methods are accurate but cumbersome, and 
sometimes render serums anticomplementary (Sachs’ phenomenon). 
Some observers make a preliminary test, often called the Bauer control 
tube, to determine the natural amboceptor, and then add immune 
amboceptor only to those serums that need it. Others, like Graetz 25 
and like Snow and Cooper, 28 make a routine practice of absorbing the 
natural amboceptor from all serums. Browning and McKenzie 13 use 
ox cells instead of sheep cells, because natural antiox hemolysin is of 
less frequent occurrence in human blood than antisheep hemolysin. 

In general, the error due to natural hemolysin is greatest in those 
systems which use relatively large doses of complement; and in the 
systems which (like those of Thomsen 14 and Thomas and Ivy*) reduce 
the complement to one free unit this error is reduced to a minimum. 

The method which I have adopted for use with the system con-, 
taining two hemolytic units of complement originated with Kaliski and 
is similar to the Bauer method, but simpler. It consists of the .addition 
of unsensitized sheep cells to all the tubes and incubation for ten 
minutes in the water bath at 37 C. At the end of this time those tests 
which contain a considerable excess of natural amboceptor show com- 
plete laking in the control tubes, and to these tests no amboceptor is 
added. To all . the other tests the usual amount of two units of ambo- 
ceptor is then added, and all the tests are incubated for the full period. 
Thus, the addition of still more amboceptor to those tests that already 
contain an excess is avoided. 

It must be borne in mind that even with this method those rather 
exceptional serums that have a very great excess of natural amboceptor 
combined with weak Wassermann reacting bodies may still give fa i se 
negative results. These Serums (recognized by rapid laking in alUhe 

tubes) are 


.OL1ALO. a. s. ^ . -T- -r 

retested after absorption of the natural amboceptor. I: low 


25. Graetz: Med. Klin., 1913, 9, 1858, 1898. 

26. Snow and Cooper: Am. Jour. Med. Sc 1916, 152, 185. 
* Thomas and Ivy: “Applied Anatomy, 
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used it in parallel tests extensively enough to offer a definite judgment 
as to its value. 

The use of cholesterin reinforced alcoholic extract is a vexed ques- 
tion. I have used this antigen in over 1,500 tests in which at the same 
time the reaction was done with simple antigen. Of these, the first 
250 will be disregarded, as I am inclined to consider the rather high 
proportion (10 per cent.) of disagreements obtained in them as due 
partly to my inexperience with the method used (that of C. W. Field). 

In the last 1,241 tests the method used has been that followed by 
Walker and Swift, and I have had the invaluable assistance of Dr. 
"E. C. Jaegle, who has been using this method for years. The only 
change in the method has been the addition of an extra tube containing 
the half dose of patient's serum and the half dose of antigen, so that 
the quantitative readings (four plus, three plus, two plus and one plus) 
could be made according to the scheme of Citron, given farther along 
in this paper. 

If the weak inhibitions (plus and two plus) are disregarded, the 
two antigens gave identical results in 1,174 cases, 95 per cent, of the 
total. Of the sixty-seven disagreements, forty-two gave definite posi- 
tive reactions (four plus and three plus) with cholesterin and negative 
or doubtful reactions with simple antigen. Of the forty-two, ten were 
cases of undoubted syphilis and ten were doubtful cases, in which 
syphilis could not be excluded clinically. 35 Twenty-two were cases in 
which there was no reason to suspect syphilis. Of this twenty-two, 
eighteen were cases of pregnancy (7 per cent, of the 244 pregnancy 
cases examined). 

On the other hand, twenty-five of the sixty-seven disagreements 
were cases in which cholesterinated antigen gave negative, simple 
alcoholic extract positive results. Twenty of these were known or 
highly probable cases of syphilis, five were doubtful cases in which 
syphilis could not be excluded. 

It must be confessed, however, that if weak inhibitions (plus and 
two plus) are taken into account, cholesterinated antigen, though it 
gave a far greater number of weak positive reactions in treated syphilis, 
also gave a considerable number of false positive reactions in cases 
surely not syphilitic. 

From this experience I venture to draw the following conclusion: 
Cholesterin reinforced antigen should never be relied on alone for 
diagnosis; weak inhibitions with it should not be given great weight 
excepting in known cases of syphilis ; positive results obtained with it 

35. Most of the cases were ambulant and the clinical diagnoses were those 
of the physicians in charge of the various departments of the Vanderbilt Clinic, 
the Sloane Hospital tor Women, and the Knapp Memorial Hospital for Eve 
Disease. 
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Tubes 1 and 2 show complete absence of hemolysis 
Tube 1 shows complete absence of hemolysis, and 

Tube 2 shows faint hemolysis... 

Tube 1 shows complete absence of hemolysis, and 

Tube 2 shows complete hemolysis 

Tube 1 shows partial hemolysis, and 

Tube 2 shows complete hemolysis 

Tube 1 shows doubtful binding, and Tube 2 shows 

complete hemolysis 

Tubes 1 and 2 show complete hemolysis 


++++1 

■ Strongly positive 

+++. 

++ , 

Weakly positive 


+ J 

± Doubtful 
Negative 


Readings made in this way have the advantage of indicating four 
different degrees of positive reaction with the addition of only one 
extra tube. And if for the time being one takes it for granted that to 
use half the dose of antigen gives the same result as to use half the 
dose of serum, the four grades may be taken to correspond roughly to 
four, three, two and one units of positive reaction. 

It should be pointed out that there are many workers at present 
who in their reports use Citron’s scheme of notation (four plus, three 
plus, two plus and one plus), but without using Citron’s method of 
reading the strength of the reaction. This is done even by many who 
depend on the appearance of a single tube for determining the strength 
of the reaction; and this practice has led to many apparently incon- 
sistent reports. 

Thomsen and his pupil, Boas, use the method of descending doses 
of patient’s serum; in the tubes in which there is incomplete inhibition 
they read the percentage of taking by comparing the color after sedi- 
mentation of the cells with the color of a hemoglobin scale (the 
hemoglobin scale is made by laking the same amount of red cells as 
used in the test, and of this laked mixture preparing successive per- 
centage dilutions with water). They only report positive in any given 
tube if there is over 20 per cent, of inhibition according to this scale, 
and they express the strength of the reaction on a numerical scale. 
This method has been followed by many other workers. Macintosh 
and Fildes, who also employ descending serum doses, believe that they 
can show that descending amounts of antigen give relatively abrupt, 
while descending doses of patient’s serum give relatively gradual, 
changes. This needs confirmation. 

I have used the Thomsen method (descending doses of patient’s 
serum, 0.2 c.c., 0.1 c.c. and 0.05 c.c.) in approximately 1,000 tests, 
parallel with the Citron method, and have found a fairly close corre- 
spondence. Fixation with full dose, half dose and quarter dose of 
serum correspondingly roughly to one plus, two plus and four plus in 
the Citron scale. 

Sormani in 1911 appears to have introduced the method of using 
descending doses of antigen. He uses five doses, of which the smallest 
is the least dose that gives complete inhibition with a very strong 
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large to detect any except very strongly positive serums and X have 
come to use three, five and eight units instead of seven, ten, fifteen, 
twenty, thirty and forty, as advised by Browning and McKenzie. The 
only objection to the method is that it is too elaborate for routine work 
with a large number of tests. In the simplified form used by me, how- 
ever, it requires only six tubes for each test; on account of the superior 
opportunities for accuracy it offers it is worthy of a wider use than it 
seems to have had. 

From my trial of all these methods I am convinced that the present 
status of the Wassermann reaction would be greatly improved if any 
one of these ways of making quantitative estimations could be adopted 
by all workers, and it would not make a great difference which one was 
adopted. The methods, however, which offer special advantages for 
standardization are those (Browning and McKenzie, Thomas and Ivy) 
which depend on the principle of measuring the number of units of 
complement fixed, that is, measuring the work of complement fixation 
directly in the amount of work done. I regard complete fixation of 
one free unit of complement with simple alcoholic antigens and of two 
free units with cholesterin reinforced antigens as the minimal definitely 
positive reaction . 30 

Since Citron's terminology, one, two, three and four plus has 
impressed itself deeply on the popular medical mind it had better be 
preserved, one plus representing the weakest definitely positive grade 
as defined above and four plus the strongest. 

MINOR TECHNICAL CONSIDERATIONS 

The strength of the saline solution used throughout the test varies in 
practice of different workers from 0.8S per cent, to 0.9 per cent. Probably 
it makes no difference which of these two strengths is used provided the 
same strength is adhered to uniformly. It is of real importance that the 
solution be made with accuracy, however, and occasionally disasters which 
occur in the laboratory are traced to errors in this step. 

The water used is of course distilled water, and as this contains carbon 
dioxid absorbed from the air, it is the practice of some laboratories (New York 
health department) to boil the saline and then add tenth-normal potassium 
hydroxid solution until a sample gives a faint pink with phenolphthalein. As 
all the ingredients of the test are exposed to the air before and during the 
test, however, this seems an unnecessary refinement 

Absolute cleanliness of the glassware is a thing of great importance and 
occasional discrepancies and errors which occur (and which of course should 
be easily detected if the proper controls are used) are traced to foreign 
substances adhering' to the tubes. The method of cleaning test tubes used 
at the New York health department laboratory is the best I have seen. The 


36. The mode of measuring the unit of complement must of course be 
agreed on. I have throughout my work titrated the complement unit with 
two units of amboceptor and I have used this fixed dose of amboceptor in 
all tests. The principles laid down bold good, however, whether this partic- 
ular method of titration is adopted or not. 
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believe that at least with the alcoholic antigens the icebox method <fives 
by far the most delicate and accurate results. In experiments with 
weakly positive serums I have found that at very low temperatures 
(from 0 to 2 C.) fixation is not so good, but that at the temperature of 
the ordinary icebox (from 8 to 10 C.) fixation in a given time is almost 
as good as in the thermostat, and in the longer period (four hours) is 
much better. With cholesterinated antigens, however, the icebox 
method gives a considerable proportion of false 'positive reactions, and 
with that type of antigen, therefore, it should not be used. Swift, who 
is one of the principal advocates of cholesterinated antigen, stated 
recently his belief that with simple alcoholic extracts incubated in the 
icebox the results were practically identical with those obtained with 
cholesterinated antigen in the thermostat. 

On the other hand, it is claimed by Altman 29 that there are some 
serums, particularly in primary syphilis, that give a better reaction at 
37 C. For this reason, possibly, it is wise to combine the two methods 
(icebox and thermostat incubation) so that if there is any specific dif- 
ference in the optimum temperature for fixation between serums, both 
kinds of serums can be detected. This is done by Kaliski, who uses 
_two hours icebox, followed by a half hour thermostat, incubation. 

THE ANTIGEN 

The most disputed point in the whole technic of the Wassermann 
reaction has been the antigen, the question of which particular type of 
antigen is best, and how it should be used. It is practically impossible 
to come to any conclusion on this question from the perusal of the 
literature. Different workers have worked with such different technic 
that in most instances no direct comparison of their results is possible. 
Probably no agreement can be reached until a more standard and 
uniform technic is used in comparing the different antigens. The first 
point for us, therefore, is to try to establish the best mode of using' 
antigen in general. 

Considerations Concerning the Dosage of Antigen. — Since the 
Wassermann reaction is a quantitative reaction, naturally the prime 
question with any antigen is how to ascertain the correct amount of it 
to use in the test. In general, it is true of any antigen that the greater 
the amount one can use of it, the more delicate the test, but that the 
nearer one approaches the amount that begins of itself to become anti 
complementary, the greater the danger of nonspecific fixations, there 
seems to be an exception to this rule in the as yet unconfirmed observa- 
tion of L’Esperance and Coca, 31 that with the acetone insoluble hpot 

30. Altman : Dermat Ztschr., 1912, 19 , 22; Arch. f. Dermat. Syph., 1912. 

Ill 871 

, 31. L’Esperance and Coca: Jour. Immunol., 1916, 1, 129. 
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1. A modified Thomas and Ivy method with simple alcoholic beef heart 
extract; preliminary incubation four hours in the icebox; use of two extra 
tubes with increasing doses of complement (two and four units) for determining 
the strength of the reaction; one extra serum control tube with two units of 
complement ; <0 final addition of cells and two units of amboceptor. 

2. A modified Citron method with simple alcoholic extract, icebox incuba- 
tion, two units of complement (the unit determined with two units of ambo- 
ceptor), Kaliski’s device (see above) for detecting and compensating for natural 
antisheep hemolysin, final addition of two units of amboceptor when needed. 

3. Cholesterin reinforced antigen according to the method employed by 
Walker and Swift, slightly modified, and with the addition of Citron's tube 
for determining the strength of the reaction; two units of complement in the 
“main” tubes, one unit in the serum control tube (the unit is determined with 
one unit of amboceptor and hence is larger than in the modified Citron method 
described above); two units of amboceptor; preliminary incubation in water, 
bath at 37 C., and final addition of sensitized sheep cells, without attention to 
natural amboceptor. 

Another precaution that should be taken much more often than it 
is, is the checking up of results with the results of another laboratory. 
Every laboratory should have an arrangement with at least one or two 
other laboratories for the regular and frequent interchange of serums 
on which the results can be compared. 

Of even greater importance is the clinical checking up of the cases.. 
In reading the results of the tests the laboratory worker should pay no 
attention to the clinical diagnosis. But after the results have been 
read objectively and recorded they should all arid invariably be com- 
pared with the clinical diagnoses. Many clinicians do not realize the 
importance of this, and harbor unfair suspicions of the laboratory man 
when he insists on knowing the clinical diagnoses. But as a matter of 
fact, since the Wassermann reaction is a test which has no absolute, 
but only a practical, specificity, it is necessary constantly to check up 
the results by a knowledge of the clinical diagnoses. It sometimes 
happens, for instance, that with this knowledge on a particular date 
the laboratory worker is able to recognize the fact that all his tests are 
“weak,” that is to say, due to some inadvertent variation in technic, 
such as the use of too large a dose of complement, some weakly posi- 
tive serums have not been detected. This being known, he can then 
repeat the tests with proper precautions. 

A further control on the constancy and delicacy of the reaction in detecting 
weak positive results is the use of a weakly positive control serum, as intro- 
duced by Citron. This consists of setting up, in addition to the usual control 
test with a known strong positive serum, another test, using a serum known 
from previous testing to be weakly positive. If no such serum is on hand, 
a strongly positive can be diluted four to eight times. It has to be remem- 


40. This is provided in case the first serum control tube containing only one 
unit of complement fails to lake completely. If this happens then the first 
“main” tube is disregarded and readings made only from the tubes containing 
two and four units of complement. 
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showed complete laking. It Wd seem hard ) ne 
today that m doing the titration to determine the nonantalk 
mentary dose it is necessary to first 'incubate the antigen complement 
mix ures for the same length of time and at the same temperature as 
the preliminary incubation in the test proper, and only then to add 
sheep cells and amboceptor. With a good antigen of the simple 
alcoholic extract type the amount prescribed by Wassermann usually 
contains at least five to ten antigenic units, that is, it is at least five to 
ten times as large as the smallest dose which gives complete fixation 
with a positive serum. 

The rule of one half the nonanticomplementary dose has been 
departed from by probably the majority of subsequent workers, appar- 
ently without a very good reason. Thus, with alcoholic extracts, 
Macintosh and Fildes use one third of that amount, which alone is 
completely anticomplementary ; ICaliski uses from one third to one 
fourth of a dose which shows beginning anticomplementary effect ; the 
New York health department uses from one third to one fourth of a 
dose which shows no anticomplementary effect. With cholesterinated 
antigens likewise there is the widest divergence in the method of decid- 
ing the dose; thus Field specifies one fifth of the dose which begins to 
show anticomplementary power. Walker and Swift one fourth of the 
dose which is completely anticomplementary, Sachs a half of a dose 
which itself is not at all anticomplementary. 

An entirely different principle is used by those who follow the 
method of titrating the complement (Thomsen, Boas, Thomas and Ivy, 
Browning and McKenzie) for each day’s work in the presence of the 
antigen. All these workers use fixed and purely arbitrary doses of 
antigen, adjusting the dose of complement to that of antigen in such a 
way that the amout of antigen used is not one half or smaller fraction 
of the nonanticomplementary amount, but actually the largest non- 
anticomplementary dose itself; thus, double the amount of antigen 
used is decidedly anticomplementary. In fact, Boas states that his 
antigen should be completely anticomplementary in the double dose. 
The adjustment is not of antigen to complement, but of complement to 
antigen. In making this adjustment the fixed dose of antigen and 
varying doses of complement (and in the methods of Browning and 
McKenzie and of Thomas and Ivy, also pooled negative serum) have 
to be first incubated under precisely the same conditions as m the pre- 
liminary incubation of the test itself. The fixed dose used by Thonwn 

beef heart extract. 
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1. A modified Thomas and Ivy method with simple alcoholic beef heart 
extract; preliminary incubation four hours in the icebox; use of two extra 
tubes with increasing doses of complement (two and four units) for determining 
the strength of the reaction; one extra serum control tube with two units of 
complement; 40 final addition of cells and two units of amboceptor. 

2. A modified Citron method with simple alcoholic extract, icebox incuba- 
tion, two units of complement (the unit determined with two units of ambo- 
ceptor), Kaliski’s device (see above) for detecting and compensating for natural 
antisheep hemolysin, final addition of two units of amboceptor when needed. 

3. Cholesterin reinforced antigen according to the method employed by 
Walker and Swift, slightly modified, and with the addition of Citron’s tube 
for determining the strength of the reaction; two units of complement in the 
“main” tubes, one unit in the serum control tube (the unit is determined with 
one unit of amboceptor and hence is larger than in the modified Citron method 
described above); two units of amboceptor; preliminary incubation in water, 
bath at 37 C., and final addition of sensitized sheep cells, without attention to 
natural amboceptor. 

Another precaution that should be taken much more often than it 
is, is the checking up of results with the results of another laboratory. 
Every laboratory should have an arrangement with at least one or two 
other laboratories for the regular and frequent interchange of serums 
on which the results can be compared. 

Of even greater importance is the clinical checking up of the cases.. 
In reading the results of the tests the laboratory worker should pay no 
attention to the clinical diagnosis. But after the results have been 
read objectively and recorded they should all arid invariably be com- 
pared with the clinical diagnoses. Many clinicians do not realize the 
importance of this, and harbor unfair suspicions of the laboratory man 
when he insists on knowing the clinical diagnoses. But as a matter of 
fact, since the Wassermann reaction is a test which has no absolute, 
but only a practical, specificity, it is necessary constantly to check up 
the results by a knowledge of the clinical diagnoses. It sometimes 
happens, for instance, that with this knowledge on a particular date 
the laboratory worker is able to recognize the fact that all his tests are 
“weak,” that is to say, due to some inadvertent variation in technic, 
such as the use of too large a dose of complement, some weakly posi- 
tive serums have not been detected. This being known, he can then 
repeat the tests with proper precautions. 

A further control on the constancy and delicacy of the reaction in detecting 
weak positive results is the use of a weakly positive control serum, as intro- 
duced by Citron. This consists of setting up, in addition to the usual control 
test with a known strong positive serum, another test, using a serum known 
from previous testing to be weakly positive. If no such serum is on hand, 
a strongly positive can be diluted four to eight times. It has to be remem- 


40. This is provided in case the first serum control tube containing only one 
unit of complement fails to lake completely. If this happens then the first 
"main” tube is disregarded and readings made only from the tubes containing 
two and four units of complement. 
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Browning and McKenzie, Thomsen, Boas, Sormani, M. Stern, and 

. omas and This method seems to me at least as good as the 
preceding. But the dose of antigen should not be arbitrary, because 
for each antigen there is an optimal dose-. And this optimal dose is 
easily determined by trial of each proposed dose with a series of 
dilutions of a positive serum. 

The method by which the alcoholic antigen is diluted with saline solution 
is of some importance. Sachs and Rondoni 31 in 1909 showed that by fractional 
dilution, that is, by^ the slow addition of alcoholic antigen to saline solution, 'a 
more opaque emulsion and in some instances a stronger antigen was obtained 
than by rapid addition of saline to antigen or of antigen to the saline solution. 
In my experience, while the slow dilution sometimes does give a smaller 
minimal antigenic dose, that is, a smaller amount is needed to give a positive 
result, it also makes the antigen anticomplementary in a smaller dose, and 
therefore the value of the antigen (the ratio of the two) remains the same. 
The important thing, therefore, is not which method of dilution (slow or rapid) 
is used, but that whichever method is used should be adhered to uniformly 
throughout. 

The Choice of Antigen. — The great majority of workers today 
believe that the aqueous and alcoholic extracts of syphilitic organs 
need no longer be seriously considered in the practical performance of 
the Wassermann reaction. There are at present three types of lipoid 
extracts that have received general acceptance. Although it seems 
quite possible that of the many other lipoid preparations which have 
been recommended for the Wassermann reaction some may be quite 
as good or even better than these three, we can limit our consideration 
to them, namely, to the simple alcoholic extract of heart muscle, the 
alcoholic extract purified by acetone precipitation after the method of 
Noguchi, and the alcoholic extract reinforced by cholesterin according 
to the recommendation of Sachs, Walker and Swift, and others. 

In spite of the enormous amount of work which has been done on 
the subject, it is impossible to draw final conclusions as to which type 
of antigen is best. I have used simple alcoholic extracts of beef and 
of guinea-pig heart, acetone insoluble fraction of beef heart, choles- 
terin reinforced guinea-pig heart, and cholesterin reinforced human 
heart The simple alcoholic extracts from the different species of heart 
muscle seem to be practically identical in action, although there are rare 
cases in which a serum gives a positive reaction with one species and 
not with another. Personally, I have come to rely on beef extract 
because it is the easiest to prepare and extremely uniform in titer. 

Although in my hands the acetone insoluble fraction has not shown 
any decided superiority over the simple alcoholic extracts, I have not 

34 . Sacfe and Rondoni: Ztschr. f. ImmnniStsforsch. n. exper. Tlwrap, 15®- 
19G9, 1, 132. 


THE BACTERIOLOGY OF THE URINE IN FOCAL INFEC- 
TIONS ; ITS RELATION TO NEPHRITIS * _ 

GEORGE F. DICK, M.D., and GLADYS R. DICK, M.D. 

CHICAGO 

In a previous report 1 the bacteriology of the urine in a number of 
cases of nonsuppurative nephritis was described. In all of the cases 
examined the urine contained numbers of bacteria, mostly anaerobes. 
In one case 2 the bacterial flora of the urine was the same as that of a 
focus of infection in another part of the body. The bacteria isolated 
from the urine readily produced experimental nephritis. These facts 
led us to believe that bacteria multiplying in foci of infection frequently 
gain entrance to the blood stream and are excreted in viable condition 
through the kidneys, and that the excretion of bacteria in this way by 
the kidneys may be a common cause of nephritis. 

It seemed desirable to examine a number of patients with evident 
focal infections to learn how frequently bacteria found in the focus 
of infection can be isolated from the urine, in what number they occur 
in the urine, and whether excretion of bacteria occurs to any extent 
without clinical evidence of injury to the kidneys. 

In selecting cases for this study, patients with gonorrhea, other 
primary infections of the urinary tract, or syphilis were excluded, so 
far as possible, by means of history, complement deviation tests, 
evident discharges, pus in the urine, vesical irritation, etc. Infections 
such such as pneumonia, known to be accompanied by septicemia, were 
also excluded. No patient with evidence of an active tuberculosis was 
included. Some of the patients studied had evidence, such as arthritis, 
of migration and lodging of bacteria in other parts of the body. Cases 
in which the intestine seemed the most likely source of infection were 
avoided because of the proximity of the urethral and anal orifices, 
which might lead to the interpretation of correspondence between 
urinary and fecal flora as due to. contamination rather than to trans- 
mission by the blood stream. 

Eighteen patients were examined. In six of these the bacteria when 
found in the urine did not correspond to those found in the focus of 

* Submitted for publication Nov. 15, 1916. 

* From the Memorial Institute for Infectious Diseases. 

1. Dick, G. F., and G. R.: The Bacteriology of the Urine in Nonsuppurative 
Nephritis, Jour. Am. Med. Assn., 1915, 65, 6. 

2. Dick, G. F., and G. R. : The Bacteriology of the Urine in Two Cases of 
Parenchymatous Nephritis, Jour. Am. Med. Assn., 1914, 63, 1661. 
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alone in pregnancy should be disregarded. On the other hand • 
following the progress of cases of syphilis under treatae th , 
terinated antigen is of very great bectl 

. cases to give weak positive reactions long after the reaction to simple 
antigen has disappeared; and the opinion of syphilographers is that 
treatment should be continued until the reacfon to^lelrinaW 
anhgen is also expunged. On the other hand, cholesterinated antigen 
should not be relied on alone m these cases either; for, as the author’s 
experience shows, there is a not inconsiderable number of cases of 
known or treated syphilis in which a positive result is obtained with 
simple, but not with cholesterinated, antigen. 

y « 

QUANTITIVE READINGS OF THE WASSERMANN REACTION 

In recent years the demand has more and mote been made that the 
result of the Wassermann test be not merely reported as positive or 
negative, but that the strength of a positive reaction be indicated. This 
is of particular value in observing the result of treatment. A few 
workers have satisfied themselves by merely judging the strength of 
the reaction from the degree of inhibition in a single tube; but it is 
apparent that this method is extremely inaccurate, and various methods 
of titrating the strength of the reaction have been proposed. 

Beyond a doubt great confusion has been caused in the medical 
mind by the divergent systems used by different workers for discover- 
ing and reporting the strength of reactions. This is one of the chief 
■causes of the present lack of confidence in the Wassermann reaction. 
For this reason, as well as for its intrinsic importance, the subject 
deserves special attention. 

Since the Wassermann reaction is a reaction between three different 
substances, antigen, patient’s serum, and complement, it is evident that 
the reaction may be reduced by progressive steps to the vanishing point 
by using progressively diminishing (or in the case of complement 
progressively increasing) amounts of any one of these thiee substances. 
As & a matter of fact, all three methods, that of using diminishing 
amounts of patient’s serum, or increasing amounts of complement, or 
diminishing amounts of antigen, have been proposed and used with 
success by different workers for this purpose. 

Citron, who was one of the first to introduce quantitative methods 
into the practice of the Wassermann reaction, employs two of the 
principles, that is, he uses simultaneously descending doses of b 1 
antigen and patient's serum. He uses only two tubes he firs tube 
containing the full dose of antigen and serum, the second half 
of each, and he makes readings as follows : 
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on ordinary mediums, very delicate, transparent growth on human blood agar, 
no change in the blood; ( b ) streptococcus, hemolytic. 

Case 3. — Recurring bronchitis, chronic arthritis, nephritis, in a woman 
aged 49. History of bronchitis every winter. Blood pressure 150 mm. Urine 
showed trace of albumin, occasional hyaline and finely granular cast, very few 
leukocytes, no erythrocytes. 

Cultures of 2 c.c. urine gave one colony in shake, and several colonies on 
human blood agar slant, of (a) streptococcus, small spherical, gram-positive 
growth very scant both aerobically and anaerobically, forming minute, trans- 
parent colonies; hemolytic; lactose and dextrose acid, mannite negative, milk 
acid and coagulated; six small colonies of ( b ) bacillus, small, pleomorphic, 
gram-negative, anaerobic, no growth on ordinary media, minute transparent 
colonies on human blood agar, no change in the blood; one colony of ( c ) 
staphylococcus; two colonies of ( d ) bacillus diphtheroid, gram-positive, aerobic. 

Cultures of sputum gave (a) streptococcus, small, spherical, gram-positive, 
growth very scant both aerobically and anaerobically, minute transparent 
colonies, hemolytic, lactose and dextrose acid, mannite negative, milk acid and 
coagulated; (b) bacillus, small, pleomorphic, gram-negative, anaerobic, no 
growth on ordinary mediums, minute, transparent colonies on human blood agar, 
no change in the blood; ( c ) pneumococcus. 

Case 4. — Chronic tonsillitis, chronic interstitial nephritis, cardiac hyper- 
trophy, in a woman aged 29. History of tuberculosis at the age of 15 ; backache, 
headache, dizziness, dyspnea on exertion noticed during last year. No evi- 
dence of active tuberculosis; right tonsil hypertrophied, with tender swelling 
under angle of right jaw. Blood pressure 230 mm. Urine amounted to 870 c.c. 
in twenty-four hours; specific gravity 1.020; showed a trace of albumin and 
hyaline and granular casts. 

Cultures of 2 c.c. urine gave colonies too numerous to count of (a) bacillus, 
small, pleomorphic, gram-negative, anaerobic, no growth on ordinary mediums, 
pin-point, . transparent colonies on human blood agar, no change in the blood; 
( b ) streptococcus, small, gram-positive, grew only in anaerobic blood slant and 
failed to grow in transfers; (c) leptothrix varying from short bacillary forms 
to long threads, gram-positive, anaerobic, three 'colonies obtained from 2 c.c. 
urine; (d) staphylococcus, one colony grew from 2 c.c. urine. 

Cultures of tonsils showed (a) bacillus, small, pleomorphic, gram-negative, 
anaerobic, no growth on ordinary mediums, pinpoint, transparent colonies on 
human blood agar, no change in the blood ; (&) streptococcus ; ( c ) staphylococcus ; 
(d) coccus, small, gram-negative, anaerobic; (<?) bacillus, anaerobic, gram- 
positive, diphtheroid. 

Case 5. — Chronic infection about root of an impacted tooth; chronic inter- 
stitial nephritis; cardiac hypertrophy. History of diphtheria, scarlet fever and 
influenza. Complaint of headache and dizziness for one year. Blood pressure, 
170 mm. Urine: 1,500 c.c. in twenty-four hours; sp. gr., 1.008; no erythrocytes 
or leukocytes, an occasional hyaline cast and no albumin on admission; later, 
a trace of albumin and a shower of hyaline and granular casts. 

Cultures of 2 c.c. urine made on admission to hospital gave one colony of 
(a) bacillus, small, pleomorphic, not definitely gram-positive or gram-negative, 
anaerobic, no growth on ordinary mediums, pinpoint transparent colonies on 
human blood agar, no change in the blood. 

Cultures of 2 c.c. urine made at the time the shower of casts appeared 
showed innumerable colonies of (a) bacillus obtained in first culture; (b) bacil- 
lus, fusiform, gram-negative, anaerobic; ( c ) coccus, very small, spherical, gram- 
negative, anaerobic, less growth on ordinary mediums than on human blood 
agar, no change in the blood, delicate growth of pinpoint transparent colonies; 



«s THE ARCHIVES OF INTERNAL MEDICINE ' ■ 

tlW ° ther fivc are s “«^ive multiples 
’ a ^ 5 times) of this. He reads his results 0.2, 0.4 0.6 0.8 1 
positive according as one, two, three, four or five of the tubes show 
complete inhibition A good many other workers have adopted this 
method; for example, Field uses six arbitrary doses of antigen and has 
a rather more complicated numerical system for expressing the results. 

The third method, that of using increasing units of complement, 
seems to have been introduced by Browning and McKenzie and has 
been adopted by Thomas and Ivy. As explained above, in the section 
on the adjustment of complement, Thomas and Ivy titrate complement 
in the presence of antigen and negative serum and adjust the dose in 
such a way that one free unit of complement is present in the main 
test. In successive tubes, then, they set up tests with the same amount 
of antigen and patient’s serum and containing two, three, four or more 
free units of complement. 

I have adopted the method of Thomas and Ivy and used it exten- 
sively. Two extra tubes are set up, the one containing two, and the 
other four free units of complement. It should be explained that the 
measuring of two and four free units of complement in these tubes is 
attained, of course, not by using two and four times the amount of 
guinea-pig serum found necessary in the first tube in the titration, but 
by adding to the amount in the first tube the unit of complement as 
determined in a separate titration (in which antigen and normal serum 
are not present). (See below.) 

In approximately 5,000 tests I have used this method of ascending 
units of. complement, parallel with the Citron method of descending 
doses of antigen and serum, and have found that one, two, three and 
four plus, according to the Citron method, in the great majority of 
cases correspond closely with the power to fix one, two, three or four 
units of complement in the Thomas and Ivy method. 

I have also experimented with the method of Browning and - 
McKenzie, using cholesterin reinforced antigen and ascending units of 
complement. From the point of view of accuracy this method is ideal, 
since it shows exactly how many units of complement are fixed by 

With this method anticomplementary serums cause no difficulty, 
since the anticomplementary effect of each serum (as well as that of 
the antigen) is measured directly in units of complement, and sub- 
tracted from the number of units of complement fixed « the : test, 
the same reason natural antisheep hemolysin p ays Fatally no rol 
because its effect in the control series is directly subtracted from the 
maTn series I have found, however, that the amounts, of complement 
specified in Browning and McKenzie's communications are far 
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on ordinary mediums, very delicate, transparent growth on human blood agar, 
no change in the blood; (b) streptococcus, hemolytic. 

Case 3. — Recurring bronchitis , chronic arthritis, nephritis, in a woman, 
aged 49. History of bronchitis every winter. Blood pressure 150 mm. Urine 
showed trace of albumin, occasional hyaline and finely granular cast, very few 
leukocytes, no erythrocytes. 

Cultures of 2 c.c. urine gave one colony in shake, and several colonies on 
human blood agar slant, of (a) streptococcus, small spherical, gram-positive 
growth very scant both aerobically and anaerobically, forming minute, trans- 
parent colonies; hemolytic; lactose and dextrose acid, mannite negative, milk 
acid and coagulated; six small colonies of (b) bacillus, small, pleomorphic, 
gram-negative, anaerobic, no growth on ordinary media, minute transparent 
colonies on .human blood agar, no change in the blood; one colony of (c) 
staphylococcus; two colonies of ( d ) bacillus diphtheroid, gram-positive, aerobic. 

Cultures of sputum gave (a) streptococcus, small, spherical, gram-positive, 
growth very scant both aerobically and anaerobically, minute transparent 
colonies, hemolytic, lactose and dextrose acid, mannite negative, milk acid and 
coagulated; ( b ) bacillus, small, pleomorphic, gram-negative, anaerobic, no 
growth on ordinary mediums, minute, transparent colonies on human blood agar, 
no change in the blood; (c) pneumococcus. 

Case 4. — Chronic tonsillitis, chronic interstitial nephritis, cardiac hyper- 
trophy, in a woman aged 29. History of tuberculosis at the age of 15 ; backache, 
headache, dizziness, dyspnea on exertion noticed during last year. No evi- 
dence of active tuberculosis; right tonsil hypertrophied, with tender swelling 
under angle of right jaw. Blood pressure 230 mm. Urine amounted to 870 c.c. 
in twenty-four hours; specific gravity 1.020; showed a trace of albumin and 
hyaline and granular casts. 

Cultures of 2 c.c. urine gave colonies too numerous to count of (a) bacillus, 
small, pleomorphic, gram-negative, anaerobic, no growth on ordinary mediums, 
pin-point, . transparent colonies on human blood agar, no change in the blood ; 
(b) streptococcus, small, gram-positive, grew only in anaerobic blood slant and 
failed to grow in transfers; (c) leptothrix varying from short bacillary forms 
to long threads, gram-positive, anaerobic, three 'colonies obtained from 2 c.c. 
urine; (d) staphylococcus, one colony grew from 2 c.c. urine. 

Cultures of tonsils showed (a) bacillus, small, pleomorphic, gram-negative, 
anaerobic, no growth on ordinary mediums, pinpoint, transparent colonies on 
human blood agar, no change in the blood ; ( b ) streptococcus; (c) staphylococcus; 
(d) coccus, small, gram-negative, anaerobic; ( e ) bacillus, anaerobic, gram- 
positive, diphtheroid. 

Case 5. — Chronic infection about root of an impacted tooth; chronic inter- 
stitial nephritis; cardiac hypertrophy. History of diphtheria, scarlet fever and 
influenza. Complaint of headache and dizziness for one year. Blood pressure, 
170 mm. Urine: 1,500 c.c. in twenty-four hours; sp. gr., 1.008; no erythrocytes 
or leukocytes, an occasional hyaline cast and no albumin on admission; later, 
a trace of albumin and a shower of hyaline and granular casts. 

Cultures of 2 c.c. urine made on admission to hospital gave one colony of 
(a) bacillus, small, pleomorphic, not definitely gram-positive or gram-negative, 
anaerobic, no growth on ordinary mediums, pinpoint transparent colonies on 
human blood agar, no change in the blood. 

Cultures of 2 c.c. urine made at the time the shower of casts appeared 
showed innumerable colonies of (a) bacillus obtained in first culture; (b) bacil- 
lus, fusiform, gram-negative, anaerobic; (c) coccus, very small, spherical, gram- 
negative, anaerobic, less growth on ordinary mediums than on human blood 
agar, no change in the blood, delicate growth of pinpoint transparent colonies; 
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soap water; the alkali of the soan wl! ' f ,\ n water . and boiled in 
in. dilute hydrochloric acid, after which thev a n r e ^ rallzed $ y . dl PP in S the baskets 
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seems wise thoroughly to boil new glassware in 3K, feverMess it 
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The* use of preserved complement has the advantage that the mixed com- 
plement from a large number of guinea-pigs can always be used. Two 
methods of preserving complement are in vogue— salting 33 (addition of from 
S to Z5 per cent, of sodium chlorid; dilution with distilled water before use) 
and freezing. To judge from the literature both methods are satisfactory 
. -3 tern claimed that frozen complement lost some of its binding power, though 
not its hemolytic power; this has had no recent confirmation and should be 
reinvestigated. I have used salted complement and found it satisfactory. The 
salted complement must, however, be kept at a temperature very near 0 C. 
or it gradually deteriorates. 

GENERAL PRECAUTIONS FOR ELIMINATION OF ERROR 

It is impossible to discuss here all of the elements which enter into 
an accurate and safe technic, but there are a few special points, not so 
generally observed as they should be, that deserve special discussion. 
One of these is the doing of all tests as well as all titration in duplicate. 
The Wassermann reaction is a quantitative reaction. In its essence it 
is probably also a chemical reaction. No chemist would think of 
relying on a single quantitative determination in an important case. 
He would make a duplicate, and if the two determinations did not 
agree, he would make another estimation. Accurate results with the 
Wassermann test are more rather than less difficult to obtain than are 
accurate results in purely chemical work. For this reason, in spite of 
the increased labor, all titrations as well as all tests ought to be done 
in duplicate. 

It is advisable in duplicate tests to vary the technic slightly so as to 
get the advantage of seeing from two different angles — binocular 
vision. Many workers do this by employing two or more different 
antigens. As has been pointed out in the foregoing, differences in 
results are due quite as often to variations in technic as to differences 
in antigen. For this reason different technics as well as different 
antigens should be employed, at least until some one system has been 
shown to be greatly superior to all others. At present I ma e 
by three methods, as follows : 

37. Sternberg : Wien. klin. Wcfanscfar., 1914, 27, 545. ' Tfa 

38. Austin: Jour. Am. Med. Assn., an'd 

son: The Preparation and Preservation °f Complement, New 

Suggestions, Jour Am Med. Assn., 1916, 66, 65 

39. Stern: Beri. klin, Wchnschr., 1908, 45, 
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as a very irregular small bacillus, gram-negative, anaerobic, no growth on ordi- 
nary mediums, delicate transparent growth on human blood agar, no change in 
the blood ; ( c ) yeast. 

Case 7. — Exophthalmic goiter, chronic tonsillitis, mitral stenosis and insuffi- 
ciency, in a woman aged 25. History of typhoid fever. Nervousness, dizziness, 
palpitation, diarrhea and one recent attack of nausea during past year. Blood 
pressure, 150 mm. Urine showed no albumin, casts, leukocytes or erythrocytes. 

Cultures of 2 c.c. urine showed numerous colonies of (a) bacillus, small, 
regular in morphology' in direct smears of urinary sediment, pleomorphic in cul- 
tures, gram-negative, anaerobic, no growth on ordinary mediums, very delicate 
growth of pinpoint transparent colonies on human blood agar, no change in the 
blood; ( b ) streptococcus, marked tendency to pleomorphism with formation of 
long oval and bacillary forms, many of which are gram-negative, nonhemolytic. 

Cultures of tonsils showed (a) bacillus, small, pleomorphic, gram-negative, 
anaerobic, no growth on ordinary mediums, very delicate growth of pinpoint 
transparent colonies on human blood agar, no change in the blood; ( b ) strep- 
tococcus, nonhemolytic, resembling that of urine; (c) streptococcus, hemolytic. 

Case 8. — Chronic tonsillitis, acute rheumatism, aortic insufficiency , chronic 
nephritis, in a woman aged 25. History of measles, whooping cough,. tonsillitis, 
two attacks of rheumatism, dyspnea and palpitation. Blood pressure varied from 
165 mm. to 190 mm. Urine showed albumin and coarse and fine granular casts, 
no leukocytes or erythrocytes. 

Cultures of 2 c.c. urine gave about forty colonies of (a) leptothrix, thread- 
like forms, no branching, gram-positive, anaerobic, growth slow, forming minute, 
transparent colonies on human blood agar at end of forty-eight hours, which 
developed into slightly raised, brownish colonies about 1 mm. in diameter at 
■ end of five days, blood brownish, growth on dextrose, mannite lactose agar 
and in milk slight as compared with that on human blood agar. 

Cultures of throat showed many colonies of (a) leptothrix of same charac- 
teristics as that of urine. 

SUMMARY AND CONCLUSIONS 

It was pointed out in our previous report 3 that staphylococci and 
gram-positive aerobic diphtheroids are common inhabitants of the 
urethra. Their occasional presence in small numbers as a contamina- 
tion in catheterized urine is to be expected. They were found in 
Cases 2, 3, 4 and 5. It will be noted that aside from these organisms, 
one or more of the kinds of bacteria found in the urine were isolated 
from the focus of infection in each of the eight cases. It seems prob- 
able that the. bacteria found in the urine came from the focus of 
infection. 

It will be seen from the table that two of the eight patients showed 
no clinical evidence of renal lesion. One of these, however, had per- 
sistently high blood pressure (150 mm.). In the remaining patients 
there were from mild to severe renal lesions present, but there was no 
very constant relation between the severity of the lesion and the 
number of bacteria in the urine. 


3. Loc. cit., Note 1, p. 15, 
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The* use of preserved complement has the advantage that the mixed com- 
plement from a large number of guinea-pigs can always be used. Two 
methods of preserving complement are in vogue— salting 38 (addition of from 
8 “ f P? r cent of . sodium chlorid; dilution with distilled water before use) 
and freezing. To judge from the literature both methods are satisfactory. 

. stern claimed that frozen complement lost some of its binding power, though 
not its hemolytic power; this has had no recent confirmation and should be 
reinvestigated. I have used salted complement and found it satisfactory. Tiie 
salted complement must, however, be kept at a temperature very near 0 C. 
or it gradually deteriorates. 

GENERAL PRECAUTIONS FOR ELIMINATION OF ERROR 

It is impossible to discuss here all of the elements which enter into 
an accurate and safe technic, but there are a few special points, not so 
generally observed as they should be, that deserve special discussion. 
One of these is the doing of all tests as well as all titration in duplicate. 
The Wassermann reaction is a quantitative reaction. In its essence it 
is probably also a chemical reaction. No chemist would think of 
relying on a single quantitative determination in an important case. 
He would make a duplicate, and if the two determinations did not 
agree, he would make another estimation. Accurate results with the 
Wassermann test are more rather than less difficult to obtain than are 
accurate results in purely chemical work. For this reason, in spite of 
the increased labor, all titrations as well as all tests ought to be done 
in duplicate. 

It is advisable in duplicate tests to vary the technic slightly so as to 
get the advantage of seeing from two different angles — binocular 
vision. Many workers do this by employing two or more different 
antigens. As has been pointed out in the foregoing, differences in 
results are due quite as often to variations in technic as to differences 
in antigen. For this reason different technics as well as different 
antigens should be employed, at least until some one system has been 
shown to be greatly superior to all others. At present I make all tests 
by three methods, as follows : 

TTsteriiberg : Wien. Win. Wcbnschn, 19H 27 > *«. ' x , 

38. Austin: Jour. Am. Med. Assn., Corr N« , tastrLnis and 
son: The Preparation and PMervafon of Complement, New 
Suggestions, Jour. Am. Med. Assn 

39. Stern: Berl. klin. Wchnschr., 190s, 
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THE EFFECT OF MUSCULAR 4 WORK, DIET AND 
HEMOLYSIS ON THE SERUM PROTEINS 

TOGETHER WITH COMMENT ON THE TECHNIC AND CLINICAL USEFULNESS 
OF ROBERTSON'’ S MICROREFRACTOMETRIC METHOD * 

ALBERT H. ROWE, M.D. 

OAKLAND, CALIF. 

f 1 

MUSCULAR WORK 

Bohme 1 has shown that muscular work, even of the simplest sort, 
increases the serum concentration. Schwenker 2 found this concentra- 
tion returned to a constant normal level alter the patient had reclined 
quietly for twenty minutes. His explanation of the increase was 
that during work, blood pressure rises, which forces protein-poor 
fluids out of the blood vessels into the surrounding tissues. Reiss, 3 
on the other hand, thought that during activity muscles take up con- 
siderable water, giving it up during rest. 

Our investigations on this effect of work on serum proteins in nor- 
mal men show a very decided increase in the total proteins, which 
increase occurs more in the albumin than in the globulin fraction. The 
nonproteins increase very slightly. The work done was on a bicycle 
ergometer to a point where the subjects were near exhaustion, except 
in Case 3, in which the increase in proteins due to merely walking 
around the laboratory is shown. On two cases, the degree of acidosis 
due to work was estimated by Van Slyke’s recent method. Thus, these 
results confirm former work with the refractometer on this subject 
and show the manner in which this increase is split between the serum 
albumin and globulin as well as the effect of work on the nonproteins. 

FOOD AND FLUIDS 

Bohme 1 and Reiss 3 have shown, by the refractometer, that the con- 
centration of serum is only slightly changed after a large meal, this 
change following no rule, being either an increase or decrease.- We 

* Submitted for publication Aug. 29, 1916. 

♦From the Medical Service and Chemical Laboratory of the Massachusetts 
General Hospital, Boston. 

1. Bohme: Deutsch. Arch, f. klin. Med., 1911, 103 , 522. 

2. Schwenker: Inaugural Diss., Wurzburg, 1905. 

3. Reiss: Ergebn. d. inn. Med. u. Kinder!)., 1913, 10, 531. 
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CONCLUSION 


Divergent reports on identical serums sent to different laboratories 
undoubtedly occur and will continue to occur so long as laboratory 
workers continue to use widely different technical methods. These 
divergent results, however, should not shake our confidence in the 
clinical specificity of the Wassermann reaction. They almost invariably 
occur only in cases which exhibit weakly positive reactions, and they 
usually mean that one laboratory has succeeded in detecting a weakly 
positive reaction, while the other has not. In the great majority oi: 
cases which present definite positive or definite negative results the 
reports of different laboratories are practically uniform. The reason 
for the divergence in results on weakly positive cases is that some 
laboratories have adopted certain refinements of technic which other 
laboratories have for various reasons failed to adopt. 

The original Wassermann technic, while safe in the sense of not 
giving false positive results, is not nearly so delicate in detecting 
weakly positive tests as it can be made. Many of the devices for 
making the reaction more delicate without impairing its safety are 


discussed and recommended in the present paper. 

On the other hand there are a few workers who, in their anxiety to 
detect as many of the weakly positive cases as possible, have adopted 
methods which easily can and probably do lead to occasional false 

positive reports. _ .... 

Though the technic of the Wassermann reaction is relatively simple 

to learn, "the work is full of pitfalls and should be done only by prop- 
erly trained workers and the results should be controlled by every 
possible control. While it does not seem possible that all workers wil 
adopt one uniform technic, it is greatly to be desired that they should 

agree on basic principles and methods. 
g Though the present paper has discussed the Wassermann reaction 

only! the observations are nearly all a^abfe; (w i. due co,Ur 
specificity) to complement fixation with bacterial and other specific 

antigens. 
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milk. Markus 7 8 9 found a slight increase in the serum concentration of 
a chronic nephritic as a result of drinking water. On the other hand, 
the refractometric work of Benczur 3 and others has shown that the 
concentration of serum does decrease when extra salt is taken into the 
system, this decrease disappearing soon in normal people, but persist- ' 
ing for long periods when kidney damage is present. 

VARIATIONS ASSOCIATED WITH NONSEPTIC HEALING 
We have noticed that the percentage of globulin has been rather 
high when fractures or postoperative hernial incisions were healing. 

In only one case, though, was this percentage above normal limits. 
These percentages in healing fractures were 39, 31, 27, 30, 27.5 and 30, 
while in healing herniotomy incisions they were 31, 29, 29. These 
patients were all confined to bed and were running no fever, and- no 
septic foci were present. 


TABLE 2. — Immediate Effect on Serum Proteins by Food. 



Serum Proteins Three 
Hours Alter Breakfast 

Caloric Intake of 

Test Meal 

Serum Proteins 1 or 1% 
Hours after Test Meal 

i Variations in Serum 
| Proteins Due to Pood 

No. 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Pro- 

tein 

Pat 

Oarbo- ; 

: by- i 
. drates 

Total 

Calo- 

ries 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

i 

■ Albu- 
- min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

n 

4.8 

2 

6.8 

1.3 

185 

39 

. 1 

. 530 | 

754 

4.9 

2 

6.9 

1.2 

■ 0.1 

0 

0.1 

s 

2 

5.6 

1.8 

7.4 

1.2 

126 

2S 

449 j 

603 

6.2 

1.7 

6.9 

1.2 

-0.4 

-0.1 

-0.5 

I 

s 

4.6 

1.9 

6.5 

1.25 

ISO 

38 

. 510 j 

728 

4.5 

1.9 

6.4 

1.25 

-0.1 

0 

-0.1 

n 

4 

4.6 

2.1 

6.7 


185 

39 

’ 464 | 

OSS 

4.S 

2.2 ‘ 

7 

1.2 

0.2 

0,1 

0.3 

0 

5 

61 

1.7 

8.2 


* 

* 

* 

* 

6.4 

1.4 

7.8 

1.3 

-0.1 

— 0.3 

— 0.‘i 

0 


* Meal similar to those above. 


Though these values are within normal limits, except in one case, 
the repeated finding of results in the upper limits of the normal varia- 
tion is probably of significance. It seems possible that this elevation 
above the normal average of about 24 per cent, might be due to the 
effect of toxic split proteins liberated in the healing processes. It is 
assumed that such toxic substances increase the globulin, in the same 
way that nonspecific protease or vaccines produce leukocytosis and 
undoubtedly raise the globulin, as shown in recent articles. 0 

CHANGES IN SERUM PROTEINS DUE TO KEEPING SERUMS ON ICE FROM 
TWENTY-FOUR TO FORTY-EIGHT HOURS 

Table 4 demonstrates that if serums are kept on ice, they can be 
examined at any time within forty-eight hours after the blood-letting. 

7. Markus: Berl. klin. Wchnschr., 1907, 44, 506, 537. 

8. Benczur: Ztschr. f. klin. Med., 1909, 62, 164. 

9. Jobling and Petersen: Jour. Am. Med. Assn., 1916, 66, 1753. 
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mf e ction from which cultures were made. This may have been due to 

e bacteria m the urine having come from a source other than the 
ocus of infection studied. In some instances, the negative results may 
have been due to the time of examination, as it was found that showers 
of bacteria may occur in the urine just as showers of casts are known 
to occur. Indeed, the two were observed to appear together in Case 5, 
to be described. In most cases the bacteria were hard to grow in pure 
culture and difficulty of technic in isolating and identifying the organ- 
isms probably explains some negative results. 

In four cases a partial correspondence was found between the bac- 
terial flora of the urine and that of the focus of infection. In eight 
cases the corfospondence was more striking. These eight cases will be 
described in detail. 

Cultures from the focus of infection were made aerobically and 
anaerobically on human blood agar slants. Shake cultures in plain agar 
were made with 2 c.c. catheterized urine; 15 c.c. urine were centrifuged 
and aerobic and anaerobic cultures on human blood agar were made 
from the sediment. 

REPORT OF CASES 

Case 1. — Chronic tonsillitis, chronic interstitial nephritis, cardiac hyper- 
trophy in a woman, aged 25. History of frequent attacks of tonsillitis. Blood 
pressure ISO mm. The catheterized urine showed an occasional hj:aline cast and 
leukocyte; no albumin or erythrocytes. 

Cultures from 2 c.c. urine gave colonies too numerous to count of (a) strep- 
tococcus, oval, gram-positive aerobic, hemolytic, dextrose acid, mannite negative, 
lactose faintly acid, milk acid and not coagulated at the end of forty-eight 
hours; (b) bacillus, small, pleomorphic, gram-negative, anaerobic, no growth on 
ordinary mediums, no hemolysis, minute transparent colonies on human blood 
agar. 

Cultures from the tonsils gave (a) streptococcus, oval, gram-positive, aerobic, 
hemolytic, dextrose acid, mannite negative, lactose faintly acid, milk acid, not 
coagulated at end of forty-eight hours; (b) bacillus, small, pleomorphic, gram- 
negative, anaerobic, no growth on ordinary mediums, no hemolysis, minute 
transparent colonies on human blood agar; (c) fusiform bacillus; (d) staphylo- 
coccus; ( e ) coccus, small, gram-negative, anaerobic. 

Case 2— Chronic rhinitis, pyelonephritis, , post-operative bronchopneumonia, 
in a girl, aged 12. History of “cold in head” all of preceding winter, frequent 
micturition for six months, tonsillectomy two months and removal oTmferwr 
turbinate bones one week- before being seen. Blood R res ^ re ' lcuko . 

urine contained 0.2 to 0.8 gm. albumin to the liter; showed numerous 

^“ 2 " gave « t e» SSfof 00 streptothrix, small b. 
branching, mostly gram-negative, grow* in both a^obic an — 

ho growth on ordinary mediums, very dehcate, transparent grow^^ ^ ^ 

colonies on human blood agar, no change m ‘ gram-positive, aerobic, 

staphylococcus ; one colony of (c) bad us P ' }] branching, 

n^'gSnlX 
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before blood is drawn. Though an immediate effect of food on serum 
proteins has been found to be practically wanting, in order to obviate 
lipemia, which makes the refractometric reading difficult, the taking 
of blood three hours after the last meal is desirable. Serums which 
are more than slightly hemolyzed should not be used. If inconvenient 
to estimate serum proteins immediately, the serum may be kept on 
ice and examined within the following forty-eight hours. 

A few points on the manipulation of the serum follow. The writer 
has found that his automatic pipet, 12 recently described, measures 
fluids better than can be done by hand, saving much time and insuring 
accuracy after its simple operation has been learned. In estimating 
nonproteins 0.5 c.c. of serum has been found sufficient for each test. 
To assure accuracy, two controls for globulin estimations and one con- 
trol for nonprotein estimations are advised, thus making the setting 


TABLE 3. — Effect of High Protein Diet on Serum Proteins 


Case 

No. 

Diagnosis 

Low Protein Diet 
for Four Days; 
Serum Proteins 

Average 

Daily 

Urinary 

N 

Output 

In 

Grams* 

High Protein Diet 
for Four Days; 
Serum Proteins 

Average 

Daily 

Urinary 

N 

Output 

in 

Grams* 

Variations in Serum 
Proteins Duo to High 
Protein Diet 

Albu-I Glob- 
ulin ; ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tefn 

Albu- 

mfn 

Glob- 

ulin 


Non- 

pro- 

tein 

1 

Fractured 

femur 

4.5 

2.9 

7.4 

1.2 

6.6 

4.7 

2.7 

B 

1.3 

15.6 

0.2 

■ — 0.2 

o 

0.1 

2 

Fractured 

femur 

5.2 

1.9 

7.1 

1.3 

.... 

5.5 

2.3 

7.8 

1.3 

*•*» 

0.3 

0.4 

0.7 

0 

3 

Septic kneo 

3.8 

3.4 

7.2 

1.5 

6.66 

4.3 

3.4 

7.7 

1.3 

12.3 

0.5 

0 

0.5 

-0.2 

4 

Fractured 

tibia 

5.8 

2.2 

8 

1.1 

5.95 

5.6 

2.3 

7.9 

1.25 

20.16 

— 0.2* 

0.1 

-O.l 

0.15 

5 

Fractured 

hip 

5.! 

2.2 

7.3 

1.2 

5.79 

5.1 

2.3 

7.4 

1.3 

11.7 

0 

0.1 

0.1 

0.1 

6 

Septic com- 
pound fract. 

4.4 

2.7 

7.1 

1.3 

4.4 . 

4.7 

2.6 

7.3 

1.3 

9.27 

0.3 

-0.1 

0.2 

0 


* Estimation o f urinary nitrogen was kindly furnished by Dr. W. Dennis. 


up of five separate tubes for each serum. It has been found impor- 
tant to keep all tubes capped at all times after the fluid has been intro- 
duced, to prevent evaporation, this closure being done as advised by 
Robertson. Instead of platinum or silver wire, a rather thick chro- 
mium wire cut into lengths of about 1 or 1.5 cm. have been very satis- 
factory to bring about mixture of serum, sulphate solution and acetic 
acid solution. The separation of the coagulum resulting from boiling 
the nonprotein tubes is accomplished by means of a slender glass rod 
rather than by a platinum wire. A piece of chromium wire would 
serve the same purpose. In order to prevent bumping during the 
boiling of these nonprotein tubes, a double piece of wire gauze cut to 
fit the bottom of the beaker is better than cotton. The refractometric 


12. Rowe: Jour. Lab. and Clin. Med., 1916, 1, 439. 
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infection from which cultures were made. This may have been due to 
the bacteria m the urine having come from a source other than the 
ocus of infection studied. In some instances, the negative results mav 
ave been due to the time of examination, as it was found that showers 
of bacteria may occur m the urine just as showers of casts are known 
. o occur. Indeed, the two were observed to appear together in Case 5, 
to be described. In most cases the bacteria were hard to grow in pure 
culture and difficulty of technic in isolating and identifying the organ- 
isms probably explains some negative results. 

In four cases a partial correspondence was found between the bac- 
terial flora of the urine and that of the focus of infection. In eight 
cases the correspondence was more striking. These eight cases will be 
described in detail. 


Cultures from the focus of infection were made aerobically and 
anaerobically on human blood agar slants. Shake cultures in plain agar 
were made with 2 c.c. catheterized urine; 15 c.c. urine were centrifuged 
and aerobic and anaerobic cultures on human blood agar were made 
from tlie sediment. 


REPORT OF CASES 


Case 1 . — Chronic tonsillitis, chronic interstitial nephritis, cardiac hyper- 
trophy in a woman , aged 25. History of frequent attacks of tonsillitis. Blood 
pressure 150 mm. The catheterized urine showed an occasional hyaline cast and 
leukocyte; no albumin or erythrocytes. 

Cultures from 2 c.c. urine gave colonies too numerous to count of (a) strep- 
tococcus, oval, gram-positive aerobic, hemolytic, dextrose acid, mannite negative, 
lactose faintly acid, milk acid and not coagulated at the end of forty-eight 
hours; ( b ) bacillus, small, pleomorphic, gram-negative, anaerobic, no growth on 
ordinary mediums, no hemolysis, minute transparent colonies on human blood 


agar. 

Cultures from the tonsils gave (a) streptococcus, oval, gram-positive, aerobic, 
hemolytic, dextrose add, mannite negative, lactose faintly acid, milk acid, not 
coagulated at end of forty-eight hours; ( h ) bacillus, small, pleomorphic, gram- 
negative, anaerobic, no growth on ordinary mediums, no hemolysis, minute 
transparent colonies on human blood agar; (c) fusiform bacillus; ( d ) staphylo- 
coccus; (e) coccus, small, gram-negative, anaerobic. 

Case 2 —Chronic rhinitis, pyelonephritis, , post-operative bronchopneumonia, 
in a girl, aged 12. History of ‘'cold in head" all of preceding wmter, in equent 
micturition for six months, tonsillectomy two months, and removal of mferm 
turbinate bones one week before being seen Blood ' leuko . 

urine contained 0.2 to 0.8 gm. albumin to the liter; showed numerous 

=y ^ rS (.) streptotbrix, «• 

, ranching, mostly gram-negative, growth ta boA aeroWc a«d 

10 growth on ordinary mediums, very dehcate transp g 

colonies on human blood agar no change s m l i Je bto* “ tive % erobic . 

Staphylococcus; one colony of (e) baci lus lpt .’ u true branching, 

nor^X^^Sanaer* c„, tares, no growth 
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POSSIBLE CLINICAL USE OF THIS METHOD 
For clinical use this method of investigation of blood serum is 
practical, especially if in diseases in which no definite increase in 
nonproteins has been found, our average value of 0.00198 for these 
nonproteins is used. As stated in a previous article, 13 if this fixed 
value is used, the serum examination is greatly shortened and an 
unreasonable error is not introduced. In severe nephritis, especially 
where uremia 14 is present, it is necessary to make determinations of 
nonproteins in each serum to obtain accurate results. 

We have shown that during certain diseased conditions, especially 
generalized infections and cardiorenal diseases, that the total proteins 
may be decreased and the percentage of globulin in the total proteins 
increased, and that recovery is accompanied by a return of these values 
to normal levels. A guide of some worth as to prognosis and treat- 
ment seems to reside in the following of these values during the 
course of the disease, especially in chronic nephritis with edema. 
Diabetes has been found to be accompanied by normal percentages of 


TABLE 5. — Effect of Hemolysis on Serum Proteins 


Case | 
No. 

1 Serum Proteins before 

Hemolysis | 

| Increase in Serum Proteins 

Due to Hemolysis 


Glob- 1 
ulin 

! 

Total 

Pro- 

Nonpro- 

tein 

' Per 
■Cent, of 

1 Glob- 
! ulin 

Albu- 

min 

1 Giob- 
! ulin 

1 

1 

! Total 
) Pro- 

I 

Nonpro- 

tein 

Per Cent, 
of 

Globulin 

1 i 

1 

5.7 

2 ! 

7.7 

1.3 

1 , 

0.2 

1 

0.2 

i" 

0.4 

0.1 

1 

2 

1 5.9 

1.6 

7.5 

1.3 

! 21 

0.5 

: o .2 

0.7 

0.05 

1 


globulin, except for an increase when a complicating infection is pres- 
ent. Other points of clinical interest are mentioned throughout our 
other articles. 

We have commented before on the inaccuracy of estimating total 
proteins by the table of Reiss. 15 This error would be slightly less if 
0.00198 were substituted for his value of 0.00277 for nonproteins. 
Determination of total proteins, though, by this method should be used 
only when a rough idea of the serum concentration is desired, in such 
cases as Reiss mentions in his last article, for instance, in which a daily 
comparison of serum concentration with body weight would be of use. 

SUMMARY 

Muscular activity, even of the simplest sort, increases total serum 
proteins, this increase occurring more in the albumin than the globulin 
fraction. 


13. Rowe: The Archives Int, Med., 1916, 18, 455. 

14. Rowe: The Archives Int. Med., 1917. 19, 354. 

15. Reiss: Deutsch. Arch. f. kiin. Med., 1915, cvit, 175. 
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Cultures of pus from infection around tooth showed (a) bacillus small 
pleomorphic, not definitely gram-positive or gram-negative, anaerobic, no ’growth 
on ordinary mediums, pinpoint transparent colonies on’ human blood agar no 
change in the blood ; ( b ) bacillus, fusiform, gram-negative, anaerobic; (c) coccus 
very small, spherical, gram-negative, anaerobic, less growth on ordinary mediums 
t ian on human blood agar, no change in the blood, delicate growth of pinpoint 
transparent colonies; ( d ) streptococcus, small, oval, gram-positive, anaerobic, 
hemolytic, small transparent colonies on human blood agar, dextrose and lactose 
acid, mannite negative, milk acid and not coagulated at the end pf forty-eight 
hours; (<?) Staphylococcus aureus; (/) bacillus, very small, plump, gram- 
negative, anaerobic, hemolyzed blood slowly forming black colonies; (g) strep- 
tococcus, larger than ( d ) spherical, long chains, gram-positive, aerobic, heavier 
growth than ( d ) milk acid and coagulated at end of forty-eight hours. 

Table Giving Data of Authors’ Cases 


Case No. 

Clinical Evidence 
of Kidney 
lesion 

Organisms Found in 

Both Urine and Focus 
of Infection 

Number of 
Bacteria in 

Urine 

1 

+ 

(a) Streptococcus 

(b) Anaerobic bacillus 

Many 

2 

* + 

Streptothrix 

Few 

3 

+ 

(a) Streptococcus 

(b) Anaerobic bacillus 

Few 

4 

+ 

(a) Streptococcus 

(b) Anaerobic bacillus 

(a) Streptococcus 

Many 

5 

+ 

(b) Anaerobic bacillus 

(c) Fusiform bacillus 

(.d) Anaerobic coccus 

Few 

to 

Many 

8 

- 

(a) Pneumococcus 

(b) Streptothrix 

Many 

7 

? 

(a) Streptococcus 

(b) Anaerobic bacillus 

Many 

\ 

8 

+ 


Many 


Case 6.— Bronchiectasis ( nontubercnlons ), in a woman aged 44. History of 
ugh and expectoration for three months following an a tack o1 ® ' 
ood pressure, 120 mm. Catheterized specimen of urine showed no albumm, 

sts, leukocytes or erythrocytes. . . nneumococcus ; 

’ u n nr ; nP (rave numerous colonies of {a) pneumococcus , 

) strejtothrix, small, very pleomorphic, 

other times appearing as a very irregular, s transparent growth on human 
bic, no growth on ordinary mediums e j ^ onIy> 0 f morphology 

iod agar, no change m the blood; (*) ' ^y t | 1 j c k, moist, yellowish 

colon bacillus, gram-negative, aer . ' i ac tose milk acid and slowly 

icoid film on plain agar, no change m blood, lactose, mi 

agulated, mannite and dextrose negatn^ str eptotlirix, small, 

r^^^morphi^formin^branched^thread^at^imes, it other times appearing 



THE CAUSES OF VARIATION IN THE ' CONCENTRA- 
TION OF UREA IN THE BLOOD OF YOUNG 
HEALTHY ADULTS * 

T. ADDIS, M.D., and C. K. WATANABE, M.D. 

SAN FRANCISCO 

It is known that there may be a variation of more than 100 per 
cent, in the blood urea concentration of any group of normal sub-’ 
jects. It is not known why this considerable degree of variation 
should exist. From the available data it is possible to suppose that 
each person has his own characteristic blood urea concentration, which 
varies only within narrow limits, although the variation between dif- 
ferent subjects is so large. Or it may be that the blood urea concen- 
tration in each person varies widely in accordance with one or other 
of the many constantly changing conditions of the body. 

One cause of variation in the concentration of some constituents 
of the blood of different persons is a variable food intake. And 
before any study of the effect of physiologic variables on the blood 
urea concentration can be carried out or any attempt made to draw 
any but the broadest line between normal and abnormal, it is necessary 
to determine the range of variation in subjects in whom this possible 
cause of variation has been removed by the imposition of a qualita- 
tively and quantitatively constant diet. Yet we do not so much as 
know whether food alterations can influence the blood urea concen- 
tration in normal subjects. It is only in the most recent work that 
even inadequate attention has been paid to the possibility of the effect 
of dietary factors. Bang 1 carried out determinations of nonprotein 
nitrogen, urea nitrogen and amino-acid nitrogen on eight students 
while they were on a diet which was more or less qualitatively the 
same, though it is not stated that any quantitative restrictions were 
imposed. His methods are analogous to his micromethod for sugar 
estimation in the blood, in that only one or two drops of blood are 
used. He found a variation of from 0.006 to 0.022 per cent, urea 
nitrogen before breakfast, tie states that under ordinary conditions 
dietary changes have no effect on the blood urea concentration of 
normal persons.' Schwartz and McGill 2 found a variation of from 
0.010S to 0.0156 per cent, urea nitrogen in four normal subjects after- 

* Submitted for publication Aug. 15, 1916. 

* From the Laboratory of the Medical Division of the Leland Stanford 
Junior University School of Medicine, San Francisco. 

1. Bang, I.: Biochem. Ztschr., 1915, 62, 104. 

2. Schwartz, H., and McGill, C.: The Archives Int. Med., 1916, 17, 42. 
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The finding of considerable numbers of bacteria in the urine in 
66 per cent, of patients with evident foci of infection indicates that 
in diseases where migration of bacteria from foci of infection takes 
place, the bacteria are often present in the urine. 

637 South Wood Street. 
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TABLE 1. — The Effect of Variation in Diet on the Urea Concentration 
of the Blood in Normal Individuals — ( Continued ) 


1 


Diet 


Urea In 
Urine 

24 Hours, 
Gm, 

Urea in 
Blood, 
Grains per 

100 O.c. 

Data 

Protein. 

Gm 

Carbohy- 
drate, Gra 

Pat, 

Gm. 

5/ 8- 9 

101 

4 

238 

25.03 


5/ 9-10 

1C1 

4 

238 

43.24 


5/10-11 

161 

4 

238 

40.35 


5/11-12 

1G1 

4 

238 

37.42 

0.039 

5/12/13 

161 

4 

238 

35.GS 

0.041 

5/13-11 

161 

4 

2 38 

35.18 

0.012 

-Subject H. 

5/ 2-3 

11 

437 

70 

13.02 


5/ 3- 4 

11 

432 

76 | 

8.26 


5/ 1- 5 

11 

407 

76 

6.01 


5/5-0 

11 

417 

76 

5.57 

0.0147 

5/0-7 

11 

412 

76 

6.13 

0.0125 

5/ 7- 8 

11 

417 

76 

5.30 

0.0228 

5/8-9 

154 

| 4 

233 

21.87 


6/ 9-10 

161 

: * 

258 

44.35 


5/10-11 

154 

4 

233 

49.5 


5/11-12 

154 

4 

233 

42.23 

0.0438 

5/12-13 

134 

4 

177 

40.05 

0.0357 

5/13-14 

154 

4 

233 

44.24 

0.0384 

5/14-la 

75 

220 

120 

2G.G2 


5/15-10 

75 

220 

120 

10.55 


5/16-17 

75 

220 

120 

14.4 



seventeen hours’ fasting. In fifteen normals two and a half hours 
'after “a heavy protein meal” the variation was from 0.0108 to 0.0252 
per cent, urea nitrogen. Gettler and Baker 3 have published a very 
valuable series of determinations of various blood constituents in 
thirty normal persons. They found a variation of from 0.01 to 0.026 
per cent, urea nitrogen three hours after a standard breakfast. 

It does not appear certain from these data that dietary changes 
have any effect on the urea concentration of the blood of normal sub- 
jects, although Folin, Denis and Seymour 1 have shown that in patients 
with high blood pressure an increase of protein in the diet leads to 
an increase in the urea concentration of the blood. This, however, 
might be and no doubt has been ascribed entirely to defective elimina- 

3. Gettler and Baker: Jour. Biol. Chem., 1916, 25, 211. 

13 4 V^° iin ’ Denis> and Sc >' mour ’ M.: The Archives Int. Med., 1914, 
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have used Robertson s microrefractometric method* to reinvestigate 
this problem, taking the serum from one to one and 'one-half hours 
after the test meal, during which period Bohme showed slight changes 
m the serum concentration. The test meal was high in carbohydrates 
and protein. Little fat was given, so that a lipemia would not interfere 
with the refractometric readings. Our results show either a slight 
increase or slight decrease in- the serum proteins, which agrees with 
foimer findings. Serum albumin changed more than globulin, except 
in Case 5. Nonproteins were not changed except for 0.1 per cent, 
in Case 1. 


The effect of high protein diets given over a' number of days on 
serum proteins was investigated refractometrically by Chajes, 4 5 6 who 
obtained slight increases in some cases with stationary values in others. 


TABLE 1. — Effect of Work ox Serum Proteins in Normal Men 


Cnse, 

So. 

Serum Proteins Before ! 

Work* ; Work 

; j Done j 

| Serum Proteins After 
; Work 

Increase in Proteins 
Due to Work 

Volume 
Percent- 
age of 
CO 2 
Bound 
by Blood 
Plasma 
after 
Workf 

! 

' ; 

Albu-i 

min 

1 Glob- 
ulin 

i 

Totni 

Pro- 

tein 

i 

: Kilo- 

Non-i gram- j 
pro- meters i 
tein ; 1 

( 1 

Albu- 

min 

j Giob- 
j ulin 

Total Non- 
Pro- ! pro- 
tein tein 

A2bu- 
! min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

i 

5 9 

1.6 

7.5 

1.3 1 10,005 i 

6.7 

1 

! 1.9 i 

; 8.e ; 

u 

0.8 

0.3 

1.1 

0.1 

.... 

0 

“ ! 
I 

i 

5 > 

< 

1.7 

6.7 

j 

1.3 1 Slight J 
< exercise , 

1 with j 
walking 

5.2 j 

i 

j 

1 1.9 j 

1 7.2 i 

’ 

j 

1.3 

0.3 

0.2 

: 

0.5 

0 

.... 

3 I 

i 5 ' 

1.7 

0.7 

1.3 i 11,360 j 

G.5 

2.X 

j 

8.6 j 

1.3 

1.5 

0.1 

1.9 

0 

41.9 

•1 

i 6 ! 

j 1.5 

7.5 

1.3 • 14,797 i 

7 

2.1 

9.1 1 

i 

1.35 

1 

j 0.0 

1.6 

0.05 

48 


* Scrams were taken from patients wlio had been lying down for at least twenty minutes, 
f Van Slykc’s method. 


Our results show that after four days of high protein diet there is on 
the average a slight increase in the total proteins, and we found no 
definite division of this increase between the albumin and globulin 
fractions. The nonproteins were slightly increased in three cases, 
decreased in one case, remaining stationary in two cases. > 

As a result of this work on the effect of diet on serum proteins, it. 
seems that an immediate effect is practically wanting, while a long 
continuance of high protein diets slightly increases the serum f r0 * a ; 

In this connection it is worth while not,ng that Engel and Scharl 
and Reiss 3 found no definite sort of variatton ffl normals or n heart o 
kidney cases at any time after drinking large amounts of water 


4. Robertson: Jour. Biol. Chem. l91 s , 22, 235. 

5. Chajes: Therap. d. Gegemv. 1904, 45, 442. 

6. Engel and Scharl: Ztschr. L him. Med., 1906, 60, 225. 
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TABLE 2. — Concentration of Urea in the Blood of Normal Individuals 
on a Constant Diet Arranged in Order of Descending Magnitude 


Blood Urea Concentration, Gm. per 100 C.c. 


Subject 

Before Urea 
Administration, 

3d Day 10-11 a. m. 

Subject 

After 20 Gm. 
Urea at 8 a. m., 

0th Day 10-11 a. m. 

Subject 

After 40 Gm. 

Urea at 8 a. m., 

6th Day 10-11 a. m. 

Ad. 

0.0433 

Ad. 

0.075 

*Eh. 

0.123 





*Sh. 2 

0.1125 

D. 

0.0312 

A. 

0.009 

*K.a 

0.105 

Bo. 3 

0.03 

Add. 

0.0678 

*B0.3 

0.003 

Sh.i 

0.0292 





G. 

0.02S8 

Bo.i ‘ 

0.0672 

*T. 

0.09 

A. 

0.0282 

K.a 

0.0672 



Add. 

0.0270 

K.i 

0.066 



*Sh.2 

0.027 

D. 

0.0051 



Bo.i 

0.0201 

J. 

0.003 



Br.i 

0.0252 

Wa. 

0.063 



■Oha. 

0.0252 

O. 

0.062-4 



T. 

0.0252 

G. 

0.0612 



J. 

0.0252 

S.i 

0.0606 



Wa. 

0.025 

Br.i 

0.06 



0. 

0.0240 

Boy 

0.059 



■•McO. 

0.0240 

O. 

0.0558 


i 

W. 

0.0240 

V. 

0.0558 


i . 

K.i 

0.0240 

M. 

0.0558 





O. 

0.0546 


, 

B.' 

0.024 

B. 

0.0516 



F. 

0.021 

We. 

0.051 


1 

S.i 

0.024 

W. 

0.0492 

| 

: 

*K.s 

0.0210 



| 


«K.3 

0.0210 ‘ 



i 


0. 

0.021 



I 

* 

w. 

0.021 




; 

Ha, 

0.021 





0. 

0.0204 





Wo. 

0.018 




1 

M. 

0.0150 


- 

s 

i 


* Blood collected at 11 a. m. instead of 10:C0 a. m. Tiro Inferior figures Indicate repeti- 
tions of the diet by tho samo Individual. 


in normal persons is remarkably constant and that these three subjects 
were not exceptions to this rule . 0 The high blood urea concentration 
of Ad. is therefore certainly not due to a relative insufficiency of his 
kidneys, nor did the low concentrations in We. and M. arise because 
their kidneys were exceptionally efficient. We believe that the expla- 
nation is to be found in the fact that the level of protein catabolism 




" f ra “ ARm °* M BDlam ' 

Without fear of changes ,n 

the ser„ m was left ZZ f 10 - » 

difference in the results. The variation.; ’ h * Ch made no important 
limits of error of this technic . 10 P resen t are nearly within the 

hemolysis 

In Case 2 it'* hTmoteed as mJT Pr ° te “ S is sho ™ “ Table 5. 

and thawing- without preventing its' reading’ with V Ld^ 11 freezi "S 
increase in total protein is ^ 

zzzz rcadins as 

Degree of Hemolysis Refractometric 

No hemolysis Reading 

Slight hemolysis 3 ' 

Moderate hemolysis * 

Llm,t of hemol y sis Permitting refractometric ‘reading.' .' 63° 45' 

The slight amounts of hemolysis often present in serums only make 
a difference of a few seconds in the reading and thus practically no 
difference in the estimated serum proteins. If a slightly hemolyzed 
serum is. perfectly easy to read with a sodium flame, the amount of ' 
increase in the serum proteins over the normal may be ignored except ’ 
for the most accurate work. In our investigations we have used no 
serums that, were hemolyzed except in a very few instances and then 
the hemolysis was always very slight. 


TECHNIC 

Throughout all our work on serum proteins the refractometric 
method as described by Robertson 4 has been followed. The comment 
on this technic here given may aid those who wish to use the method 
in further investigations. 

As mentioned in a former article , 11 the syringe into which blood is 
drawn must be dry and clean so as not to dilute or change the blood 
serum. That article also shows the necessity of drawing blood from 
the vein within one minute after the tourniquet is applied so as not 
to increase the serum concentration by venous stasis. 

The results of the present article show that in order to exclude the 
increase of serum proteins caused by any muscular activity, all patients 
should have been in a reclining position for at least twenty minutes 

10. The limits of error due to technic in Robertson’s microrefractometric 
method are about ± 0.2 per cent, albumin, ± 0.15 per cent, globulin, and ± 0.1 
per cent, nonproteins. 

11. Rowe: Jour. Lab. and Clin. Med., 1916 , J» 485 . 
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diet with a moderate amount of protein and almost no carbohydrate 
we found a concentration of only 0.0462 per cent, a few hours after 
a breakfast of two eggs and some bacon. The rate of urea excretion 
in the urine on the first occasion was only 0.48 gm. per hour, whereas 
at the second examination, in spite of the lower blood concentration, 
it was 1.43 gm. per hour. This is only the most marked of a series 
of observations' which have led us to conclude that the level of urea 
in the blood may increase, not only because urea comes in too quickly, 
but also because under certain conditions it may leave the blood too 
slowly. In other words, there is no necessarily fixed relationship 
between the concentration of urea in the blood and the rate of urea 
excretion, since other factors than urea play a part in determining the 
rate of excretion. 

The wide range of variation in these results is also of interest in 
connection with the significance to be attached to estimations of blood 
urea concentration in patients. On a diet such as ours, a conservative 
- estimate would call abnormal only concentrations which did not fall 
within from 0.01 to 0.05 per cent. But when, as must commonly be 
the case, the patient has not been subjected to any dietetic prepara- 
tion, figures beyond these limits may still possibly be normal, since 
under variable food conditions the normal range of variation will 
be widened. 

The simplest way to attain somd' degree of constancy is to take the 
blood in the morning before breakfast. It is, however, not to be 
expected that in this manner any such uniformity can be attained as 
is possible when a constant diet is taken for several days. When a 
person passes from an unrestricted diet containing a moderate quan- 
tity of nitrogen to a fixed diet containing slightly less nitrogenous 
food, it requires on an average a full twenty-four hours for an equi- 
librium in the excretion of urea to be established. But when the 
nitrogen in the food taken before the diet exceeds at all markedly the 
amount in the fixed diet, the excretion of the excess urea is apparent 
for as long as forty-eight hours. Constancy as regards diet, there- 
fore, is not to be attained by abstention from food for the twelve to 
seventeen hours, which represents the time between the evening meal 
on the previous day and the taking of the blood before breakfast. Yet 
in clinical work this is not infrequently the highest degree of 
uniformity in conditions which can be obtained. 

We have thought it well, therefore, to collect all our observations 
on normal subjects when the blood was taken before food on a day 
following unrestricted diet. Some of these subjects had taken water, 
but as we shall show later, this does not demonstrably alter the blood 
urea concentration. In order that the extent of the error inherent in 
the method of estimation may be appreciated, we have given both the 
results obtained in all those cases irn which double estimations were 
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readings have been made in a fairly dark room where, by means of a 
window and door, the temperature was kept nearly constant during 
the readings. 

That this temperature regulation serves the same purpose as does 
the complicated Pulfrich temperature regulating apparatus is shown by 
the following results obtained by examining a serum by the University 
of California instrument, which we used, and by a refractometer 


TABLE 4— Changes in Serum Proteins Caused by Keeping Serum on Ice 


Case 

No. 


3 

4 

5 
G 

7 

8 

9 

10 
11 


Serum Proteins within 4 Hours 
after Blood-Drawing 

Time 
Serum 
Stood 
on Ice 
between 
Exami- 
nations, 
Hours 

Variations in Serum Proteins after 
Serum Stood on Ice ■ 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent. 

of 

Glob- 

ulin 

Albu- 

min 

Glob- 

ulin 

Total 

Pro- 

tein 

Non- 

pro- 

tein 

Per 

Cent. 

of 

Glob- 

ulin 

4.2 

2.3 

0.5 

1.3 

36 

48 

0 

- 0.1 

- 0.1 

0. 

2 

4.8 

3.1 

7.9 

1.2 

40 

48 

0.1 

-0.3 

-0.2 

0.1 

-4 

5.1 

2.9 

8 

l.G 

3G 

24 

0 

0 1 

0 

0 

0 

5.7 

o 

7.7 

1.1 

26 

24 

0.3 

- 0.1 

0.2 

-0.1 

-1 

5.8 

2.9 

8.7 

1.3 

33 

24 

' -0.3 

0.2 

- 0.1 

0.1 

3 

4.3 

2.1 

0.4 

1.4 

33 

24 

! 0.2 

- 0.1 

0.1 

0 

—2 

4.9 

2.2 

7.1 

1.1 

31 

24 

1-0.2 

0 

—0.2 

0.2 

i 

4.8 

2.1 

0.9 

1.3 

30 

24 

i -o-i 

0 

- 0.1 

0 

1 

6.9 

3 

8.9 

1.3 

34 • 

24 

1 -O.l 

0.1 

0 

0.1 

1 

4.4 

2.2 

: g.g 

1.5 

33 

24 

0.1 

-0.3 

-0.2 

0 

—3 

4.5 

2 

j 0.5 

1 

i 1.4 

1 

31 

24 

0.2 

-0.2 

0 

0 

—3 


elonging to the Institute of Technology, which had the temperature 

egulating device : TJniv 0 f Calif., Technology, 

Per Cent. Per Cent. 

5 2 5.24 

Albumin 2 07 2.09 

Globulin __ 


Total protein 
Nonprotein 


7.27 

1.3 


7.33 

1.3 




The agreement of these results shows the 
lent used in our investigations an erature constan t. In order 

xiirate results by keeping e r temperature they were 

lat the fluids to be examined rmgh J e take „. If a la 

ft in that room one-half hour e an[1 in front of the 

att electric light bulb is s “ s r ende ^ d U f wi thout turning the light on 
ifractometer, the readings may be made 

id off. 
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TABLE 3. — Concentration of Urea in the Blood of Normal 
Fasting Adults — ( Continued ) 

ARRANGED IN ORDER OF ASCENDING MAGNITUDE; DUPLICATE ESTIMATIONS 


No. 

Subject 

Blood Concentration 

In 100 O.c. 

Ko. 

Subject 

Blood Concentration 
in 100 C.c. 

70 

Mo. 

0.0135 


93 

Boy 

0.04GS 

0.0102 

SO 

Sha. 

0.0135 


94 

Mo. 



81 

Add. 

0.0138 

0.0426 

95 

Sh. 

0.0488 

0.0156 

82 

Mon. 

0.0138 


00 

Add. 

0.0489 


83 

Cal. 

0.015 

0.0444 

97 

Add. 

0.0198 

0.0493 

84 

Cal. 

0.015 


98 

Mo. 

0.051 

0.051 

85 

Add. 

0.015 


99 

Mon. 

0.051 

0.051 

86 

Add. 

0.045 

0.0438 

100. 

Add. 

0.0516 


87 

Add. 

0.045 

0.0441 

101 

Add. 

0.0522 

1 

88 

Mo 

0.04G2 

0.015 

102 

Add. 

0.0528 


89 

Ada. 

0.01G2 

0.0462 

103 

Sha. 

0.0517 


90 

Add. 

0.01G2 

0.045 . 

104 

Add. 

0.0504 

0.0552 

91 

Add. 


0.045 

105 

Wy. 

0.0598 

_ 

92 

Add. 



106 

Add. 

0.06 

0.0593 


carried out. The results are arranged in order of ascending magnitude 
in Table 3. 

The average of this series is 0.038 per cent., while the average of 
the series on the third day of the diet was 0.0251 per cent. The 
increase was to be expected, since the diet contained only 75 gm. of 
protein — somewhat less than the average protein intake of healthy 
subjects. The range of variation — from 0.0225 to 0.0600 per cent. — 
is also greater, as was to be expected from the greater variability of 
the conditions. 

The most striking and interesting point in the table is the demon- 
stration of the fact that the variation in one person is as great as the 
variation in the whole group. Fifty -out of these 106 estimations 
were carried out on one subject (Add.). His blood concentration 
varied from 0.0246 to 0.06 per cent., which is practically the group 
variation. This was not the result of wide fluctuations in protein 
intake on the days before the blood was taken, for this subject habitu- 
ally took a very moderate and- not unusually inconstant amount of 
protein food. Nor is it an isolated instance of a special tendency 
toward inconstancy in the level of blood urea, for the subject Mon., 
on whom only eleven estimations were made, also shows the wide 
variation of from 0.027 to 0.051 per cent. This is a strong argument 
against the view that the variation in urea concentration in one sub- 
ject as compared with another is likely in any of our cases to be 
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An immediate effect of diet on serum proteins is practically want- 
ing, while a high protein diet continued for several days produces a 
slight increase in the serum proteins. 

The percentage of globulin seems to be slightly increased in cases 
in which healing of fractures or operative incisions is occurring and 
in which no signs of infection are present. 

Serum proteins undergo no marked changes after the serum has 
been kept on ice for forty-eight hours. 

Hemolysis, when excessive, definitely increases serum concentra- 
tion, while slight hemolysis produces only a very slight increase. 

A few suggestions about the technic and clinical use of Robertson’s 
microrefractometric method are given. 
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CONCLUSIONS 

1. Differences in diet are a cause of variation in the concentration 
of urea in the blood of normal persons. 

A change from a mainly carbohydrate to a protein-fat diet was 
accompanied by an increase of from 5S to 250 per cent, in blood urea 
concentration. 

2. On a constant diet a variation of from 0.0156 to 0.0438 gm. urea 
per 100 c.c. of blood was found in twenty-nine experiments on twenty- 
five normal persons. 

3. Differences in the rate of protein catabolism are the principal 
cause of the variation which was "found in the blood urea concentra- 
tion of normal persons on a constant diet. 

The subjects who had the greatest rate of protein catabolism had 
the highest blood urea concentrations, while in those subjects in whom 
protein catabolism was least the blood urea concentration was lowest. 

4. The blood urea concentration of normal persons is not main- 
tained at a constant - level by a proportionate increase in the rate of 
excretion of urea from the blood by the kidneys, whenever there is 
an increase in the rate of entrance of urea from the tissues into the 
blood. Although under such circumstances an increase in the rate of 
urea' excretion occurs, it is not sufficient to prevent some rise in the 
blood urea concentration. This rise takes place whether the increased 
rate of entry of urea from the tissues into the blood is produced by 
a greater formation of urea from protein taken as food or from the 
breaking down of tissue protein or from the absorption of preformed 
urea from the alimentary tract. 

5. Under inconstant conditions variation in blood urea concentra- 
tion may be caused by alterations in the activity of the kidneys. 

The more constant the conditions, the more uniform is the action 
of the kidneys in responding to a rise in blood urea concentration by 
a definite though not directly proportional increase in the rate of urea 
excretion; and there is reason to believe that if all the conditions could 
be kept constant, no fluctuations in blood urea concentration would 
arise from any inconstancy in the function of the kidneys themselves. 
But under widely different conditions it can be seen that the kidneys, 
even of the same person, do not act in a uniform manner, so that the 
same rise in blood urea concentration may lead to a greater rate of 
excretion under certain conditions than it will under others. 

6. Permanent individual peculiarities play no part as a cause of 
variation in the blood urea concentration of different normal persons. 

In a group of twenty-two subjects a variation of from 0.0225 to 
0.06 gm. urea per 100 c.c. of blood was found in a series of 106 esti- 
mations, carried out in the morning before breakfast. Practically the 
same degree of variation was shown by one of these subjects, on whom 
fifty estimations were made. 
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* ° f T a ^ - adtleyS ' W!th kidne J' s of “"impaired efficiency 

Mnn f f ei i h “V ™ ght WeU be ima s*" ed *at any marked altera' 

on m the level of urea m the blood would be obviated by an auto- 
mata increase m the rate of urea excretion whenever the urea con 
central, on of the blood began to rise. But this is not what teppent 
n healthy subjects as well as in those whose kidneys may be defective 
an increased nitrogen consumption is accompanied by an increased' 
urea content of the blood. This is demonstrated in the experiments 
detailed in Table 1. 


It will be noted that there is a considerable increase in blood urea, 
concentration^ when the food is changed from a mainly carbohydrate 
to a protein-fat diet. Therefore, in order to determine what degree 
of variation may arise from other than food factors, it is necessary 
that all the subjects should be on the same diet. > 

The figures given in Table 2 were obtained at 10:30 a. m, on the 
third and sixth days of the same diet. On the fourth, fifth and sixth 
days of the diet 20 or 40 gm. of urea were taken at 8 a. m. The sub- 
jects were instructors and students between the ages of 20 and 35 
years. The diet has been given in detail elsewhere, 0 as well as the 
method used for the estimation of urea (a slight modification of Van 
Slyke and Cullen’s method). 7 Five c.c. of blood was the smallest 
amount used for each estimation. Duplicate estimations were made 
in the great majority of cases. 

The chief interest of these figures seems to us to lie in their dem- 
onstration of the diversity of concentration which may exist in nor- 
mal subjects in spite of uniformity of diet. This is particularly true 
of the third day of the diet, for after urea administration the range 
of variation becomes relatively narrower. But before urea was taken 
we have variations of from 0.0156 to 0.0438 per cent. 


Eighty-two per cent, of our twenty-eight cases had a concentra-. 
tion of 0.02 per cent. Only three cases, Ad., We. and M., show a 
wide variation from the average. It will be noted that these three 
cases three days later after urea was taken still show an unusually 
high or low urea concentration. It would appear then that these 
differences are to be ascribed in part at least to individual peculiarities 
which continued to exist throughout the period of the test and are 
not due altogether to temporary and evanescent causes, of variation. 
Now we have shown that the rate of excretion of administered urea 


S All the figures for blood urea concentration in this paper refer to grams 
>f urea per lied c.c. of blood and not to ™ * 

irea nitrogen may be approximately obtaine y 1 27, 249 . There 

6 . Addis, T., and Watanabe, C. K: Jour BioLOm, i 1916, 

ra ndlf,t“nd WaSX c “ jir. Biol. Chen,., « 24, « 



HESS-STRAUSS— THYROID AUTOTRANSPLANTATION 521 


3. The secretion and iodin content of the remnants of the thyroid 
fragments within the capsule may be a factor in the retardation of the 
reaction between host and transplant in a manner similar to the results 
as shown by Marine, and Manley and Lenhart s in their iodin feeding 
of the host before the transplantation. 

A considerable amount of experimental work has been done which, 
we believe, is conclusive proof that the quantity of secretion of the 
thyroid gland is regulated by stimuli reaching it through the circula- 
tion. Manley and Marine make the following statement in regard to 
their functional results in autotransplantation: 

Inasmuch as such transplanted thyroid tissue undergoes all the morphologic 
variations associated with growth and function that are observed in nontrans- 
planted thyroid tissue, and inasmuch as transplanted thyroid tissue shows the 
same reaction with iodin and the same storage of iodin as nontransplanted thy- 
roid, we believe that this is sufficient evidence that such transplants may grow, 
involute or function equally as well as nontransplanted thyroid gland. 

The above quoted experiments lead us to the same conclusions as 
these authors, to the effect that specific nerves, whether secretory or 
regulatory, are not necessary for normal growth or functional activity 
of the thyroid gland. 

TECHNIC 

The next important point in this series of transplants was the 
preservation of the normal blood supply of the thyroid gland of the 
host. We attempted to do all our transplant work without cutting off 
any portion of the blood supply to the gland. This was accomplished 
by placing our transplants into the thyroid capsule without ligation 
of any of the vessels supplying the thyroid gland. We accomplished 
this by splitting the thyroid capsule and removing part, or in some 
cases practically all of the thyroid tissue. During this time the assistant 
secured both poles of the thyroid gland between the thumb and index 
fingers, in this way controlling the hemorrhage without severely trau- 
matizing the intima of the large blood vessels and at the same time 
establishing a soft thrombus. At the end of eight to ten minutes we 
found that there was practically no bleeding, and we were ready to 
insert our transplant into its new bed formed by the thyroid capsule. 
We believe that the avoiding of injury by clamps and ligatures applied 
to the vessels supplying the thyroid of the host is of great importance 
to the transplants. Necropsy showed a complete restoration of the 
circulation through these vessels in every case examined. 

In almost all of the operations we avoided getting the sutures near 

8. Marine, David, and Lenhart, C. H. : On the Effects of the Administration 
or the Withholding of Iodin Containing Compounds in Normal, Colloid or 
Actively Hyperplastic Thyroids of Dogs, The Archives Ixt. Med., 1S09, 3, 
66; ibid., 4, 253; ibid., 1, 4-10. 
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was high in the subject Ad. and low in We. and M AlthmnA «, 

' the wholes '“T ?T T' ° f exc« 1 1 * 

40 q “ f , ^ T*' Wkh ‘ he first day, "as 

T for Ad> and onl y 123 - 8 gm. for We. and -110.4 gm. for M 

ie high urea excretion of Ad. presumably arose from an increased 
conversion of ammo-acids from his tissues and from the protein of his 
food into urea, whereas the low urea excretions of We. and M. may be 
accounted for by a decreased tissue catabolism and a high de-ree of 
utilization of food amino-acids for protein synthesis, with a conse- 
quent decrease in urea formation. 

. * n explanation of this effect of increased protein catabolism in 
raising the blood urea concentration, it is not necessary to assume 
any peculiarity in the urea derived from tissue catabolism whereby 
it is more difficult to excrete and so tends to heap itself up in the 
blood. For, as is shown by our results after urea administration, 
exactly the same effect is produced by preformed urea taken by mouth. 
Urea, whether from the alimentary tract or from the tissues, will 
tend to raise the blood urea concentration whenever it enters the blood 
more rapidly than it leaves it through the kidneys. The kidneys are 
not so constituted as to be close regulators of the level of urea in 
the blood, in the manner, for instance, in which the respiratory center 
maintains an even hydrogen ion concentration. There is no necessity 
for any such fine adjustment, since the properties of urea' are such 
that considerable fluctuations in concentration are immaterial to 
the body. 

But we believe that alterations in blood concentration may occur 
also as a result of changes in the sensitiveness of the kidneys to the 
stimulation to an increased rate of urea excretion which is provided 
by rises in blood urea concentration. Under the constancy of the 
conditions imposed on the series of persons we have detailed above, 
this factor was probably of very minor importance, yet even there it 
seems probable that the rate of protein catabolism does not explain 
all the variation found, for there are instances in which there is no 
very close correspondence between the blood urea concentration and 
the rate of protein catabolism. But it is particularly under widely 
different conditions that this factor of varying states of kidney activity 
seems to become evident. Thus, in a case of diabetes, after forty- 
eight hours during which nothing was taken but whis <y an w , 
e ave 20 *m. of nitrogen-free corn starch, which did not induce y 
glycosuria. Some hours later we estimated the blood urea concen- 
tration in the expectation that we would find an unusua iyta > 
centration, because the rate of protein metabolism as esti V 

the urinary excretion, was low, the carbohydrat e had been ? t 

and all exogenous sources of urea cut off. Yet 

found. A month later, after the patient had teen for some tune 
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condmoncci hy any such permanent individual peculiarities as might 
be produced by structural differences in their kidneys. For if the 
same subject shows as great a variability as is manifested by the' 
w ole group, the cause of the group variability must be sought, not in 
any fixed differences in the kidneys, which regulate the blood concen- 
tration, but m an inconstancy of the conditions under which these 
kidneys were placed. We have shown that even when all dietary 
inconstancies are removed, there is still a high degree of variability. 
The variability in this series is therefore not wholly nor even mainly 
explained by differences in food intake. It is due, we think, for the 
most part to inconstancy in the rate of formation of urea in the 
processes of protein catabolism. During the two years during which 
these fifty observations were made on the subject Add. he may have 
passed through phases of decrease and increase in protein catabolism 
which might account for the wide variation in blood urea concentration 
which was found. 

If changes in the rate of protein catabolism under physiologic con- 
ditions are accompanied by considerable fluctuations in the level of 
blood urea concentration, one would expect to find a still wider varia- 
tion arising from the exaggerated disturbances in protein metabolism 
which occur in certain pathologic states. A marked increase in the 
concentration of nonprotein nitrogen or of urea in the blood has been 
noted in some diseases which are not necessarily associated with any 
renal deficiency. These include certain cases of pneumonia® and car- 
cinoma, 0 as well as intestinal obstruction, 10 protease poisoning 11 and 
hyperthyroidism. 12 These are eminently conditions in which an 
increased protein catabolism may be expected. ' 

In clinical work, blood urea estimations are at present usually 
carried out in order to determine whether or not there is an insuffi- 
ciency in kidney function. It is obvious that the wide range of varia- 
tion which exists precludes such determinations from being taken as 
an accurate measure of kidney function. Still the very highest 
levels of blood urea concentration are apparently only attainable when 
kidney elimination is defective. Concentrations above 0.15 per cent, 
speak decisively for renal decompensation. But below that figure 
judgment will be required in every case. A concentration of 0.1 per 
cent.' may be very strong evidence of renal deficiency m one case, 
while in another in which there is reason to expect an increased rate 
of protein catabolism or in which unusual dietary or other conditions 
are present it may not justify more than a suspicion. 

S Herter: Johns Hopkins Hosp. Rep., 1900, 9, 69. as. 47 

£ SSk w m*. »** » * 
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results shown in Figs. 5, 6, 7 and 8 may be open to question because of 
the short time between operation and 'necropsy, seven and eight days, 
respectively. However, we have based our conclusions on the well- 
preserved sections of tissues as shown in photomicrographs. 

TRANSPLANTATION AFTER REPEATED PRELIMINARY TRANSFUSION 

We cross-transfused several animals over a period of several weeks, 
giving from two to four injections at intervals of one week, using from 
40 to 100 c.c. of freshly drawn citrated blood from each animal, which 



Fig. 9. — Homotransplant in puppy 4 weeks old, necropsy sixty days after 
operation ; magnification 230 diameters. 

was rapidly injected intravenously. Following this preparation, we 
cross-transplanted the thyroid glands, in each instance using the thyroid 
capsule as the seat of the transplant. Tests were made for the produc- 
tion of isohemolysins and iso-agglutinins in the two sets of dogs 
operated on, following two preparatory transfusions in one set and 
three in another set of dogs, but none were found. 

We obtained the same results as Lexer and Morris, namely, this 
seemed to increase the reaction between the host and the transplanted 
tissue and thereby hastened the destruction of our transplants. It seems 



AUTOTRANSPLANTATION AND HOMO- 
TRANSPLANTATION 

OF THE THYROID GLAND USING THE THYROID CAPSULE AS THE SEAT 

OF TRANSPLANTATION * . 

JULIUS H. HESS, M.D., and ALFRED A. STRAUSS, M.D 

CHICAGO 

Having under our care a large number of cretins in whom cessa- 
tion of the thyroid feeding leads rapidly to a recurrence of myxedema 
with its train of symptoms, we were led to undertake the following 
experimental work on autotransplantation and homotransplantation 
of the thyroid gland in the hope of obtaining sufficient positive results 
to warrant clinical operative interference. The following experimen- 
tal operations are presented as a preliminary report. 


AUTOTRANSPLANTATION 

We have found that the autotransplants of the thyroid gland into 
the thyroid capsule was successful in all our cases, corroborating the 
work of other investigators in autotransplantation. 

We have studied three such cases of multiple autotransplantation. 

HOMOTRANSPLANTATION 

The homotransplantation of the thyroid gland in animals is of great 
importance, and yet it has been unsuccessful up to the present time. 
Success in this form of transplant work would be a great step in solv- . 
ing the question of homotransplantation in general. The tendency of 
nearly all the workers, especially Manley and Marine, 1 von Eiselberg, 2 
Payr, 3 Hesselberg, 1 Salzer, 5 Sermann® and Enderlen, 7 has been to 


* Submitted for publication Oct. 11, 1916. 

1. Manley, 0. T., and Marine, David: The Transplantation of Ductless 
Glands, with Reference to Ferments and Function, Jour. Am. Med. Assn., 
1916 §7 260 

2. Von Eiselberg: Transplantation of Thyroid and Parathyroid Gland, Arch. 


f. klin. Chir,, 1914, 106 , 1. , r . . 

3, Payr, E. : 'Thyroid Gland Transplantation, Arch. f. klin. Chir., m-h 


106 4.Hesselberg, Cora: A Comparison of Autoplastic and Homoplastic Trans- 
plantation of Thyroid Tissue in the _ Guinea-Pig, Jour. Exper. Med, 

^°5~Safzer^H.: A Contribution to the Transplantation of the Thyroid Gland, 

A t ' Sermann.^Chava^f Abmft alL Method of the Transplantation of the Th, 

the Abdominal Cavity of Cats and Dogs, Mitt. a. d. Grenzgeb. 

1898, 3, 474. 



THE EFFECT OF SALICYLATES ON EXPERI- 
MENTAL ARTHRITIS IN RABBITS * 


BERNARD FANTUS, M.D., WALTER E. SIMMONDS, M.D. 

AND 

JOSIAH J. MOORE, M.S., M.D. 

CHICAGO 

In a study of this question by Dr. D. J. Davis, 1 he arrives at the 
following- conclusion : 

Sodium salicylate does not exert a favorable effect on infections in rabbits 
caused by various types of streptococci. It does not prevent localization of 
the organism in joints, nor does it prevent the appearance of endocarditis. 
It would seem to have, therefore, no prophylactic value, nor does it alter the 
course of the infection after it has once become established. 

In these experiments sodium salicylate was used in a dose of 
0.3 gm. administered subcutaneously once daily. In view of the great 
importance of the question, and the fact that the subcutaneous admin- 
istration of a single daily dose by no means reproduces the usual 
therapeutic administration of this remedy in human beings, and as only 
large doses produce marked effect in human rheumatism, and the daily 
dose of 0.3 gm. does not represent the limit of possible dosage in the 
rabbit, ft was thought desirable to repeat this work using a larger dose 
and employing various means of administration of the salicylate so as 
to maintain, as far as practicable, a fairly high and continuous salicyli- 
zation of the system. This represents the modern ideal of administra- 
tion of salicylates in the treatment of human rheumatism, based on the 
assumption that salicylate acts in this condition as a systemic anti- 
septic, not as disinfectant. It is generally agreed, as a result of clinical 
experience, that salicylate cannot exterminate the causative organism 
of rheumatic fever in the system of the patient. All that it is believed 
we can accomplish with salicylate is to inhibit the proliferation of the 
micro-organisms in the joints; and, to obtain this result, we generally 
need as large doses as the patient can tolerate, administered as con- 
tinuously as possible for a considerable length of time. It is obvious 
that the experiments just cited, in which a single daily dose was admin- 
istered, merely proved that the dose used was insufficient to extermi- 
nate or harm the streptococci. Such dose administered subcutaneously 

* Submitted for publication Oct. 12, 1916. 

* From the departments of Therapeutics and Experimental Medicine, Uni- 
versity of Illinois College of Medicine. 

1. Davis, D. J.: The Effect of Sodium Salicylate on Various Types of 
Experimental Arthritis, The Archives Int. Med., 1915, 15, 555. 
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Fig. 3— Autotransplant into capsule of thyroid gland, sixty days after opera- 
tion ; magnification 230 diameters. 

1. The relation of the blood pressure and the size of the blood ves- 
sels nourishing this highly specialized organ must have an important 
bearing on the osmotic pressure of the blood and lymph as well as 
on the cellular structure of this particular organ, and consequently on 
its physiology. 

2. It would appear that the chemistry of the tissue surrounding the 
thyroid transplant in intracapsular transplantation ought to be more 
adapted to its growth than would be the chemical reaction in foreign 
surroundings. 
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to reject a portion of the drug in spite of all possible care taken to 
prevent this, administration in solution was used in the treatment of. 
the infected rabbits. The rabbits to be treated were injected by way 
of the ear vein at about the same time with equal-sized doses of the 
same culture of hemolytic streptococcus isolated from the tonsil of a 
patient suffering from rheumatic polyarthritis. It will be seen that all 
the treated rabbits died in from three to four days, while all the 
untreated animals survived though they had a course of fever and 
developed arthritic lesions. That the treated rabbits showed no joint 
lesions and had but one day of fever is not to be put to the credit of 


TABLE 2. — Effect of Sodium Salicylate 0.3 Gm. Administered 
Hypodermically Once Daily* 


Infected Controls 


Infected Animals Treated ryith Sod. Salicylate! 


Experiment 


Lived, Dny3 


Babbit 

Lived, Days 

1 

mm 

S 


' 

4 

1 

2 

11 

1 

5 

7 

1 

3 

7 


6 

3 

2 

1 

5 

' 2 

4 

5 

2 

0 

3 

| 2 

5 

2 

2 

3 

Survived 

! 2 

G 

3 

3 

1 

Survived 

! 3 

4 

9 

3 

0 

Survived 

1 3 

5 

Survived 

3 

3 

Survived 

3 

G 

Survived 

I 

1 

4 

! 4 

4 

5 

4 

2 

5 

i 

5 

8 

4 

3 

Survived 

i 

G 

8 



5 survived 



2 survived 



7 died 



10 died 


* Experiments of D. J. Davis. 

t The iniluenco of tho salicylate was certainly not favorable. 


salicylate, for they died before joint involvement and fever had time 
to develop. We must conclude that the administration of sodium 
salicylate was fatal to the infected rabbits, when used in a dose that 
did not prove very detrimental to the normal controls. 

It may be of interest here to tabulate the final results of the experi- 
ments reported by Davis. 1 It will be seen by consulting Table 2, that 
while 60 per cent, of the infected, untreated animals died in an average 

o 

of six days, S3 per cent, of the treated rabbits died in an average of 
5.5 days. These figures evidently point in the same direction as those 
of Table 1, namely, that sodium salicylate harms rather than helps 
rabbits infected with streptococcus. When the dose of the salicylate 
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Fig, 4. — Homotransplant in puppy 6 weeks old, necropsy 120 days after opera- 
tion; magnification 60 diameters. 


After doing three autotransplants and fourteen homotransplants, 
using the foregoing operative technic but without paying any attention 
to the age and familial relationship of the experimental animals or to 
the type of gland as seen in the individual animals (and it should be 
remembered that the thyroids of dogs are subject to great histologic 
variation), we found that the homotransplants had practically disap- 
peared within twenty to thirty days, with the exception of two cases, 
in which small islands of thyroid tissue remained as isolated areas sur- 
rounded by connective tissue. These latter were not of such size as 
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was smaller or when the infections were more virulent, the unfavor- 
able effect of the drug was less apparent. 

SODIUM SALICYLATE AND SODIUM BICARBONATE 

■ Inasmuch as sodium salicylate is generally administered with alkali, 
it seemed desirable to make a study of the effect of the combination on 
normal and infected rabbits. All the five normal controls (Table 3), 
which were given 0.3 gm. each of sodium salicylate and sodium bicar- 
bonate three times daily, survived. The only harm the treatment did 
was that some of the animals lost in weight instead of gaining. All 
the nine untreated, infected animals survived, though all of them had 
a course of fever (average number of fever days about eight), almost 
all of them developed lesions (average number 3.3), and all of them 
lost in weight, excepting the animals used in Experiment 1, all of which 
gained in weight. This, as well as the other figures in connection with 
Experiment' 1, shows that the virulence of the organisms used was 
comparatively low. In spite of this, the treated animals in Experi- 
ment 1, which were infected with the same kind of organism, had a 
much more unfavorable course, as will be seen by a glance at Table 3. 
" Summarizing, the three parallel experiments, we find that 55 per cent. 
* of the treated animals died. Even though we discount the deaths with 
pulmonary lesions as possibly accidental, the fact still remains that the 
average number of lesions is greater, even though one of the treated 
animals (Rabbit 48) died before there was time for the development 
of lesions. The smaller average number of fever days (5.6) must not 
be interpreted as indicating an antipyretic action of the salicylates, for 
the four treated animals that survived had an average of eight fever 
days, which is the same as that of the untreated animals. Dying ani- 
mals often have a low temperature for several days before death. The 
conclusion is inevitable that the treatment was harmful to the infected 
animals. 

To determine the effect of sodium bicarbonate on normal and 
infected rabbits, to see what share it might have had in the unfavorable 
results produced by the combination with salicylate, an experiment was 
conducted, the results of which are shown in Table 4. Sodium bicar- 
bonate is at least not harmful to the sick animals, though it certainly 
did not produce a noticeable improvement. 

ACETYLSALICYLIC ACID 

Owing to the popularity of acetylsalicylic acid it was thought desir- 
able to try it in an experiment; 0.33 gm. of it, which is approximately 
equal in salicylic acid content to 0.3 gm. of sodium salicylate, was 
given three times daily. The results were surprisingly' bad, even in 
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the control animals. Table 5, which gives the results of this experi- 
ment, shows that all the control animals died. If we disregard the one 
that died from pneumonia, we have two animals that seemed to show 
kidney involvement as a result of the administration of this substance. 
While all the infected animals died, for we had a virulent strain to deal 
with in this series, the treated animals died in half the time and showed 
almost twice as many lesions. Acetylsalicylic acid, in equivalent 
dosage, appears to be much more toxic to normal rabbits than is sodium 
salicylate and it is harmful to infected rabbits as well. 


TABLE 6 . — Effect of Salophen 1.5 Gm. Daily in Food* 


Gain or Loss in 
Weight, Gm. 


| One Week 


Two Weeks 


Fever, 

Days 


Lesions 


Final 

Result 


i 

Salophen Controls 1 



Rabbit 1 

— 41 

+ 10 

Rabbit 2 i 

_ 47 

+ 10 

Rabbit 4 

— 0 

+ 30 

Rabbit 10 

— 5 

+ 35 


Av. — 23 

Av. + 21 

Salophen and Hemolytic j 
Streptococcus 


Rabbit 12 

— 45 

-f 30 

Rabbit 01... 

—100 


Rabbit 101 

—205 

Av. —137 




Hemolytic Streptococcus 
Controls 



Rabbit 90 

—130 

(-130) 

Rabbit 115 

— 172 

t 

—235 

Rabbit U0 

+ 3 

+ 33 


Av. —101 

Av. —109 


Survived 

Survived 

Survived 

Survived 



i Av. 3 


4 

8 

12 

Av. 8 


Survived 
Lived 9 days 
Lived 0 days 


1 
8 
5 

! Av. 5 


11 

5 

4 

Av. 7 


Lived 1 days 

Survived 

Survived 


* Salophen, whilo it scarcely injured the control rabbits, harmed rather than helped the 
infected animals. 


SALOPHEN 

In all the experiments thus far reported the medicament was 
administered in capsule or by means of the stomach tube. In cither 
case struggling of the animals was inevitable. To eliminate this factor, 
which might have an unfavorable influence on the sick animals, 
salophen in doses of 1.5 gm. daily, the equivalent to 0.9 gm. of sodium 
salicylate, was given in the food. Rabbits readily eat chopped carrots 
mixed with salophen, as this substance is practically tasteless. The 
only disadvantage of this method of administration consists in the fact 
that sick rabbits do not eat, and therefore do not get the medicine when 
it is mixed with the food. However, inasmuch as several days pass 
between the infection and the development of severe symptoms, the 
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more rapidly than the nitrogen, as first shown in dogs by Rubner 20 and 
in humans by Wolf. 2r Rubner’s figures were taken in six-hour periods 
and show how long continued is the high nitrogen excretion after a 
meat diet containing 24.7 gm. nitrogen. 

The sulphur elimination is shown in Table 2 to be very much more 
rapid. One would expect the nitrogen to sulphur ratio to be 16, which 
is that found in meat, but because of the variation in speed of excretion, 
the ratio falls during the first six hours and is too high in the following 
periods. 

Our observations, which are made in very much shorter periods and 
extend only to seven hours after food, confirm these findings, except 
that in the hour during the ingestion of food the nitrogen excretion 
rises markedly ; the sulphur increases but little. This is probably due 
to the rapid elimination of the extractives in the meat. 

This delayed elimination of nitrogen after marked protein ingestion 
makes its hourly excretion a poor index of the metabolism during that 
hour. Since the total metabolism stays at a nearly constant level 
throughout the observation after food, it seems probable that the pro- 
tein metabolism also stays at a constant level. The same value ought, 
therefore to be used throughout the observation, not a different one for 
each hour. The best value to use seems to be the maximum hourly 
nitrogen excretion and this has been used in all calculations. The effect 
of this choice is but slight in regard to the height of the total hourly 
metabolism, but the percentage of calories derived from the three food- 
stuffs is markedly affected, particularly in the early hours of the obser- 
vation. This effect can be seen in Table 4, in which, in the case of 
R. De P., the calculations are made in both ways: (1), using the N as 
excreted; and (2), using the maximum value as the hourly excretion. 
The figures for Louis M. will be found in Paper 4 of this series. 

The tables show quite clearly that no matter which value is assumed 
as the true protein metabolism, in the first hours of the observation a 
large part of the specific dynamic action is at the expense of the oxida- 
tion of carbohydrates. This is true of all cases except that of Louis M., 
in whom the 100 gm. of fat taken with the meat probably affected the 
relationship. This finding is not in accord with the results of Gigon. 28 
He used casein and found that the specific dynamic action was due to 
protein metabolism alone, and that carbohydrate and fat were even 
spared slightly. Gigon’s results on the increased heat production fol- 

26. Rubner, Max: Die Gesetze des Energieverbrauchs bei der Ernahrung, 
Leipzig. 1902, p. 369. 

27. Wolf, C. G. L. : Die Ausscheidungszeit von Stickstoff, Schwefel und 
Kohlenstoff nach Aufnahme von Eiweisssubstanzcn und Spaltungsprodukten, 
Biochcm. Ztschr., 1912, 40 , 234; ibid., 1912, 41 , 111. 

28. Gigon, A.: Ueber den Einfiuss der Nahrungsaufnahme auf den Gas- 
weclisel. Arch. f. Physiol., 1911, 140 , S09. 



528 THE ARCHIVES OF INTERNAL MEDICINE 

to us, therefore, that to prepare the animal for transplantation would 
mean to prepare the blood and tissues in such a way that a leukopenia 
rather than a leukocytosis would be produced in the region of the trans- 
plant. To produce this seems to be the stumbling block in the efficiency 
of the homotransplant work. 

CONCLUSIONS 

t 

We believe that the transplantation of autotransplants and homo- 
transplants of highly specialized organs into the region normally occu- 
pied by these tissues is worthy of further trial. 

We believe there should be a minimum disturbance of the blood: 
supply in the region in which the transplant is placed, and that foreign, 
bodies, such as suture material, should not come into contact with the 
transplant. 

The varying degree to which a homotransplant takes depends on 
the amount of reaction between the host and the tissue transplanted,, 
and so far we have found no means either in the blood or in the thyroid 
gland itself by which we could determine the factor which produces 
this different condition in the various animals. 

A familial relationship and probably the early age of the animals on 
which operation was performed were important factors in our results. 

We desire to thank Dr. J. J. Moore of the University of Illinois College of ■ 
Medicine for the serologic work embodied in this article. 


862 THE ARCHIVES ' OF INTERNAL MEDICINE 

are all closely related. We interpret this to mean that the specific 
dynamic action is dependent in these cases on the total protein metab- 
olism. It is certainly independent of the mass of muscle tissue. 

NORMAL CONTROLS 

In the course of these experiments and of those recorded in 
Paper 20 of this series there have been six basal observations on normal 
men between the ages of 23 and 34. Four are new subjects whose 
metabolism has not been previously determined. 

The basal metabolism of E. F. D. B. was determined four times in 
the spring of 1913, when an average value of 39.8 calories per square 
meter per hour was found. In May, 1915, the metabolism by the same 
index was 37.6 calories. In May, 1916, the height of his metabolism 
was 38.4 calories. This shows the constancy of the basal metabolism 
of some normal individuals. 


TABLE 6. — Specific Dynamic Action. Percentage Increase 


Name 

Physical 
Condition j 

' i 

j 

Urinary 
| Nitrogen 

I 

I 

1 1 

! Calories 1 

1 Extra i Actual 
| Protein j Calories 
! Metabo- ! Increase 
lized j per 
per Hr. ! Sq. M. 
Extra N 1 per Hr, 
x 26.5 , 

100 

Calories 

of 

Protein 
Metabo- 
lism In- 
creases 
Cals, per 
Sq. M. 
by 

Actual 

Total 

Calories 

Increase 

per 

Hr. 

100 

Calories 

of 

Protein 
Metabo- 
lism in- 
creases 
Total 
! Calories 
by 

Bnsal, 

per 

Hr. 

1 

! After 
Meat, 
i per Hr. 

‘ 

R. DeP. 

Achondroplasia ! 

0.G0 

1 

I l.SS 

’ 33.9 

] 

19.4 | 

57.2 

24.1 

71.1 

Harry J. 

Legless man 

t 0.21 

j 1.30 

28.9 

16.6 | 

57.5 

| 22.3 

77.2 

Louis M* 

Normal control i 

0.52 

1.14 

16.4 

8.3 1 

50.5 

15.3 

93.1* 

W. B. 

Normal control ] 

0.3S 

1.22 

22.3 

11.7 i 

52.6 

18.2 

81.8 

S. K. 

Normal control 

0.16 

1.29 

22.0 

11.1 1 

1 

50.5 

16.0 

75.5 


* Regular protein meal plus 100 gm. of fat. 


The metabolism of J. H. M. had been determined by the Benedict 
unit apparatus and reported in the series of Palmer, Means and 
Gamble, 30 and of Means. 2 The average of these observations is 39.4 
calories per square meter per hour. These findings were made more 
than a year before our determination (39.5 calories) and on a different 
type of apparatus. 

The average calories per square meter per hour of these six controls 
is 38.9. The average found in this laboratory for normal men between 
the ages of 20 and 50 is 39.7 calories per square meter per hour. The 
six controls reported here average 2 per cent, below this figure 
(Table 7). 

30. Palmer, W. W., Means, J. H., and Gamble, J. L. : Basal Metabolism and 
Creatinin Elimination, Jour. Biol Chem., 1914, 19, 239. 
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TABLE !■— Sodium Salicylate'' 0.5 Gm. Twice Daily 


Salieylato Controls 
S 13 

S 14 

S 15 

Sodium Salicylate and He. 
molytlc Streptococcus 
Rabbit 3 

Rabbit 5 

Rabbit 11 


Gain or Loss in 
Weight, Gm. 

I One Week 

Two Weeks 

(Capsules) 

+ 45 

(Solution) 

— 20 

+ 5 j 

+ 30 

+ 55 

+ 7 

Av. + 35 

Av. + 6 


(Solution) 

— 81 in 3 days 


• — 85 in 1 days 

— 14 in 3 days 


Hemolytic Streptococcus* 
Controls 

Rabbit 7 

Rabbit 10 

Rabbit 12 

I 


+ 03 
-31 
— 44 


+ 95 
— 98 
—118 


Fever, 

Days 

Lesions ' 

■ Final 
Result 



Survived 

.... 


Survived 

.... 


Survived 

1 

Gastric 

lived 3 days* 

1 

Gastric con- 
gestion 

[ lived 4 days 

1 

Gastric con- 

lived 3 days 


gestlon 

5 

1 

Survived 

8 

2 

Survived 

5 

1 

Survived 


* The animals treated with sodium salicylate all died, while the untreated animals 
recovered. That the salicylate did not hill the animals Is shown by the negative result oi 
the salicylate controls. 


SODIUM SALICYLATE 

Young - rabbits weighing about 1,000 gm. were used in our experi- 
ments. The effect of the drug it was proposed to use in treatment was 
first studied' by administering it to normal animals. Table 1 shows 
that when sodium salicylate was given in doses of 0.5 gm. twice daily 
by the stomach, it produced no markedly unfavorable results in the 
rabbits, excepting to retard their growth somewhat. It will be noted 
that administration in capsule form, used in the first week, was less 
unfavorable to growth than administration in solution (in 10 c.c. of 
water) practiced by means of the stomach tube during the second 
week. Nevertheless the difference was not great. Inasmuch as it is 
difficult to be sure that the animal gets the whole of the medicament 
when it is given in capsule , as rabbits chew the capsule and are likely 
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are all closely related. We interpret this to mean that the specific 
dynamic action is dependent in these cases on the total protein metab- 
olism. It is certainly independent of the mass of muscle tissue. 

NORMAL CONTROLS 

In the course of these experiments and of those recorded in 
Paper 20 of this series there have been six basal observations on normal 
men between the ages of 23 and 34. Four are new subjects whose 
metabolism has not been previously determined. 

The basal metabolism of E. F. D. B. was determined four times in 
the spring of 1913, when an average value of 39.8 calories per square 
meter per hour was found. In May, 1915, the metabolism by the same 
index was 37.6 calories. In May, 1916, the height of his metabolism 
was 38.4 calories. This shows the constancy of the basal metabolism 
of some normal individuals. 


TABLE 6. — Specific Dynamic Action. Percentage Increase 


Name 

Physical 

Condition 

! 

Urinary 

Nitrogen 

i ! 

1 Calories 
Extra 
Protein 
Metabo- ! 

lized 
per Hr. 1 
Extra N 
X 20.5 

1 Actual 
Calories 
Increase 
per 

Sq. M. 

1 per Hr. 

100 

Calories | 
of 

Protein 
Metabo- 
lism In- 
creases 
Oals. per 
Sq. M. 

by 

Actual 

Total 

Calories 

Increase 

per 

Hr. 

. 

100 

Calories 

of 

Protein 
Metabo- 
lism in- 
creases 
Total 
Calories 
by 

1 

Basal, 

per 

Hr. 

After 
Meat, 
per Hr. 

i 

| 

R. DeP. 

Achondroplasia 

0.G0 

i i 

l.ss ; 

’33.9 

19.4 

57.2 

24.1 

71.1 

Harry J. 

Legless man 

0.21 

1.30 

28.9 

1G.6 

57.5 

22.3 

77.-2 

Louis M.* 

Normal control 

0.52 

1.14 

16.4 

8.3 

50.5 

15.3 

93.1* 

W. B. 

Normal control ! 

■ 

0.38 

1.22 

22.3 

11.7 

52.6 

18.2 

81.8 

S. E. 

Normal control 

0.4G 

1.29 

22.0 

1 

11.1 

50.5 

16.6 

75.5 


* Regular protein meal plus 100 gm. of fat. 


The metabolism of J. H. M. had been determined by the Benedict 
unit apparatus and reported in the series of Palmer, Means and 
Gamble, 30 and of Means. 2 The average of these observations is 39.4 
calories per square meter per hour. These findings were made more 
than a year before our determination (39.5 calories) and on a different 
type of apparatus. 

The average calories per square meter per hour of these six controls * 
is 38.9. The average found in this laboratory for normal men between 
the ages of 20 and 50 is 39.7 calories per square meter per hour. The 
six controls reported here average 2 per cent, below this figure 
(Table 7). 

30. Palmer, W. W., Means, J. H., and Gamble, J. L. : Basal Metabolism and 
Creatinin Elimination, Jour. Biol Chem., 1914, 19 , 239. 
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TABLE 3.-S0-,™ S„ E 0.3 Cu. m So mm Bicarbonate 0.3 Gm. 
w water 15 C.c, Three Times a Day 1 



Gain or Loss in 
Weight, Gm. 

Lever, 

Lesions 

Pinal 

Result 

One Week 

Two Weeks 

Days 

Salicylate Blearbonato 






Controls 

S 2 

(Capsules) 

(Solution) 






4- 45 

.... 


Survived 

S 4 

4- 5 

-206 

. ... 


Survived 

S 10 

. 40 





811 

-r 70 

4- Si 

.... 


Survived 

S 0 

—136 


.... 


Survived 

Salicylato and Bicarbo- 

Av.l~ 7 

Ay. — 20 



Survived 

All survived 

note* and Hemolytic 



i 



Streptococcus 

(Solution) 





Exp. 1, Babbit ^ 

- 70 


! s 

2 Pneu. 

Lived 9 days 

Babbit 24...... 

+ 25 

— 6 
t 

, 11 

1 

Survived 

Babbit 23 

—164 


i 6 

3 Pneu. 

Lived 9 days 

Exp. 2, Babbit -11 

— CO 


6 

4 

Lived 7 days 

Babbit 42 

- 93 

—133 I 

10 

4 

Survived 

Babbit 43 

— 34 


1 

6 

Lived 6 days 

Exp. 3, Babbit 47 

— 55 

—155 

5 

4 

Survived 

Babbit 48 

—132 

* » » » » 

0 

0 

Lived 4 days 





Pul. O. 


Babbit 49 

+ 28 

— S8 

6 

4 

Survived 


Ay. — G 2 

Ay. — 95 

Ay. 5.6 

Av. 3.5 

5 died 






4 survived 

Hemolytic Streptococcus 






Controls 






Exp. 1, Babbit 16 

+ 30 

4-240 

4 

2 

Survived 

Babbit 17 

+ -0 

4-110 

8 

0 

Survived 

Babbit 23 

+ 83 

4-261 

3 

1 

Survived 

Exp. 2, Babbit 31 

-33 

, -28 

10 

4 

Survived 

Babbit 32 

-08 

—135 

7 

6 

Survived 

Babbit 45 

+ 45 

-137 

10 

4 

Survived 

Exp. 3, Babbit CO 

- 17 

— 23 

11 

4 

Survived 

Babbit 01 

— 31 

— 47 

12 

3 

Survived 

Babbit 62 

-104 

—204 

6- 

5 

Survived 


Ay. - 14 

Av.- 4 

Av. 7.9 

Av. 3.3 

All survived 


*01 the animals treated with sodto sateylateand so«nm WMrtona^o mo^than^alf 

the number died, while nil the untreated, Infected animals, as ^eu as 
survived. 
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SUMMARY 

1. The basal metabolism of five dwarfs, two legless men and six 
normal controls is reported. The legless men and the dwarfs, with 
apparently normal endocrine systems, showed, in relation to their sur- 
face area, the same level of metabolism as normal men. The law of 
surface area holds good for men of unusual body shape. 

2. The dwarfs with, involvement of the ductless glands and symp- 
toms of cretinism showed a marked reduction in metabolism below the 
average found in normal cases, as has been reported by other 
authorities. 

3. Following the ingestion of large quantities of meat, the excretion 
of urinary nitrogen during the earlier hours is not an accurate index 
of the protein metabolism. The sulphur excretion is more rapid than 
the nitrogen excretion. 

4. The stimulation of metabolism following a large amount of meat 
is almost' at its height two hours after the meal is eaten. The extra heat 
produced may amount to three-quarters of the calories in the protein 
metabolized, and may lead to an increase of 46 per cent, above the level 
of the basal heat production. 

5. The specific dynamic action of a meal containing 24 gm. of 
nitrogen in the form of meat was larger in the case of a legless man, 
and of an achondroplastic dwarf, with very' small arms and legs and 
normal trunk, than in the cases of three normal controls of greater 
weight and greater surface area. This indicates that the intensity of 
the specific dynamic action is not proportional to the mass of the mus- 
culature. The true explanation of the results cannot be given in the 
light of present knowledge. Various possible explanations come natu- 
rally to mind, such, for example, as a greater concentration of amino- 
acids in the blood flowing to the muscles, or the presence of a liver, 
which, in proportion to the size of the organism, is relatively larger 
than the normal. 


477 First Avenue. 



TABLE 4. — 'Effect 


o^Sodium Bicarbonate 0,6 Gm. Three 



Of Loss in 
%%ht in Two 
Weeks, Qm. 

Bever Days 

* DAILY 

lesions 

s,ii, Bsa"*" co, “ 




Babbit S... 

• +135 



Babbit 50 

— 60 


/ 


—138 



5 eS”SS‘“ 4H “" 0 - 

Babbit 121 

Av. — 20 



Babbit 130 


4' 

4 

Babbit 131 

—265 

5 

8 

Babbit 1S2 

— 135 

3 ! 

0 


— 135 

6 

7 

Hemolytic Streptococcus Controls 
Babbit 1341 

Av. —162 

Av. 4.5 

Av. 5.75 

Babbit 135 

— liv 

7 

0 


— 

5 

14 

Babbit 130 


0 

Babbit 137 


2 



3 

2 

j 

Av. — 1S3 

Av. 5.25 

Av. 4.5 


Sodium bicarbonate did not produce a noticeable improvement in the iniected rabbits. 


TABLE 5. Effect- of Acetylsalicylic Acid 0.33 Gm. Three Times Daily* 



Gain or Loss In 



iBBI 


Weight, Qm. 

Bever, 

D 

Binal 

Besult 


One Week 

Two Week3 

Days 


Acetylsalicyllc Acid 






Controls 






Babbit SO 

— 15 

—160 


Kidney pale 





Babbit 33 

+ 65 

-124 


Kidney pale 



.... 


Babbit 34 

—125 

III 


Pneumonia 

lived 11 days 

Aver. 15 days 


Av. — 25 


Acetylsalicyllc Acid and 





Hemolytic Strepto. 





lived 8 days 

lived 8 days 

Rabbit 140 

—125 


4 

15 

RnhhJt 147 

—247 


5 

17 

H.nhhit 148 

—ICO 


4 

15 

lived 6 days 

Rabbit 140... 

—115 


2 

17 

lived 5 days 

Aver. 7 days 


Av. — 162 


Av. 4 

Av. 16 

Hemolytic Streptococcus 





. 

Controls 

Babbit 138 

—130 

(-130) 

3 

11 

lived 7 days 

Tt.nhhlfc 13!> 

—220 

355 

6 

12 

lived 21 days 

Babbit 140. 

—125 

—ISO 

1 

10 

lived 12 days 

Babbit 141 

- 45 

—IBS 

5 

3 l 

lived 21 days 


Av. —ISO 

Av. —203 

Av. 4 

Av. 8 J 

Aver. 15 days 


* Acetylsalicyllc acid proved quite toxic to the control animals, and definitely harmed the 
Infected rabbits. 



866 . THE ARCHIVES OF INTERNAL MEDICINE 

Table 2 of Paper 16 the results of the clinical and laboratory findings 
were compared. 

This present work is a continuation of Paper 16 and Tables 2 and 3 
have been made to correspond as closely as possible with Table 2 of the 
previous publication. More attention has been given to blood analyses, 
the methods for estimating the degree of acidosis, and the functional 
capacity of the kidneys. The patients were all primarily nephritics and 
were selected from a large number in the effort to obtain young people 
with few complications. ■ For the first time since the calorimeter work 
was begun, patients with an absolutely bad prognosis were used as 
subjects. 

METHODS 

The men patients were studied in the metabolism ward and calorimeter 
fully described in previous papers. The two women patients could not be 
brought to the metabolism ward, and it was impossible to study their intake 
and output, but otherwise they were treated in just the same manner as 
the men. Patients with orthopnea were placed in the steamer chair while in the 
calorimeter; all others used the bed, with head rest and pillow. Most of the 
patients were given a cup of "caffein-free" coffee (Kaffee Hag) without cream 
or sugar, early in the morning of the experiment. Except for this they were 
all fasting, having received no food since the previous afternoon. While in 
the apparatus they were all quiet, except the uremic patients, Isadore R. 
and Frank C. 

The blood pressure was measured by the Faught apparatus, diastolic read- 
ings being made at the diminution of the murmur in the artery, which usually 
occurs just before its disappearance. The phenolsulphonephthalein test of 
Rowntree and Geraghty was used, the results in the tables being expressed as 
the total excretion in two hours and ten minutes. The carbon dioxid com- 
bining capacity of the plasma was determined by the Van Slyke method. 

The blood and urinalyses, while the patients were in the metabolism ward, 
were made by Dr. Frank C. Gephart of the staff of the Russell Sage Insti- 
tute of Pathology. While the patients were in the general medical wards the 
analyses were made, for the most part, in the Pathological Department of 
Bellevue Hospital by Drs. A. O. Gettler and Willis Baker. To them and to 
Dr. Norris we are indebted for permission to publish the results. These 
authors have recently published a valuable contribution on the “Chemical and 
Physical Analysis of Blood in Thirty Normal Cases.” 1 

DISCUSSION OF RESULTS 

The manifestations of nephritis are so varied that it will require the 
study of many cases to give all the information that is needed. Never- 
theless, much can be learned from the ten cases summarized in Table 2 
and the sixteen cases of the previous publication. (See Table 2, 
Paper 16). 

Direct and Indirect Calorimetry. — In the thirteen 2 experiments here 
reported the total calories, as measured by the method of indirect 

1. Gettler, A. O., and Baker, Willis : Jour. Biol. Chem., 1916, 25, 211. 

2. The experiment on Mildred C. is omitted because the direct method 
could not be used. 
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diet, and this may reduce the metabolism even more in a child than in 
an adult Direct evidence on this point is lacking, but it can be seen in 
Table 9 of Paper 17 that the four children with severe diabetes show 
an unusual reduction in metabolism. The observation on Frank C., 
with uremia, was almost spoiled by his restlessness, which was even 
greater than is indicated by the high work-adder. The results were 
29 per cent, above the basal standard, but those who observed him were 
confident that his muscular activity alone could have increased his 
metabolism 20 to 30 per cent., and it is doubtful if his basal metabolism 
would have been higher than the average normal. It is unfortunate that 
the otherwise satisfactory experiment on Mildred C. should be marred 
by the possibility that she had exophthalmic goiter. Her nervous tem- 
perament and exophthalmos, which was greater than is generally found 
in nephritis, suggested this factor. 

A. Influence of Dyspnea, — Isidore R., Frank C., and John C. were 
distinctly dyspneic, and they all showed a slight increase in metabolism. 
This increase was not as marked as in the four out of five patients with 
moderately severe dyspnea described in the paper on cardiacs and 
nephritics. 

B. Acidosis. — According to the carbon dioxid combining capacity 
of the plasma, a rather severe type of acidosis was present in the case 
of Joseph U. on April 5, and in Isidore R. on January 24. The former 
showed a metabolism of 7 per cent, below the normal ; the latter, only 
2 per cent, above. Slight acidosis was found in Joseph U. on April 10, 
and in Jack K. on March 4. Their figures were — 12 per cent, and 
-f-5 per cent., respectively. These results, taken with the figures 
obtained in Papers 16 and 17, indicate that acidosis has little effect on 
the total metabolism. 

C. -Edema . — There was marked edema in the cases of Joseph U., 
Lee H., Edna S. arid William S. The first three showed a distinct 
reduction in metabolism. With Adam P., January 14, the edema was 
moderate and the metabolism 10 per cent, below the average normal. 
In general, the type of nephritis with edema is accompanied by a reduc- 
tion in metabolism; the type without edema, by a slight increase in 
metabolism. One naturally expects an organism diluted by inert fluid 
to show a diminished metabolism according to body weight. Obesity 
patients have such a reduction, but Means has proved that they have 
the same metabolism per square meter of surface as normal people. s 

3. Means, J. H.: Studies of the Basal Metabolism in Obesity and Pituitary 
Disease, Jour. Med. Research, 1915, 32, 121 ; The Basal Metabolism in Obesity, 
The Archives Int. Med., 1916, 17 , 704. 
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Lee H. was studied, December 4, and again a month later, when he 
had gained 5.5 kg. of edema. During this same period there was a 
marked fall in the phthalein output and increase in the retention of urea 
and creatinin. His metabolism in' the first test had been 12 per cent, 
below the average normal; a month later it was 27 per cent, below. 
Part of this decrease was undoubtedly due to rest and low diet. 

Adam P. was in the calorimeter January 14 and again three and a 
half weeks later, when he had lost 8 kg. of- edema. In this interval 
there was practically no change in the phthalein excretion or in the 
blood urea, but the blood pressure fell 45 mm. There was hardly any 
alteration in the level of his total metabolism. 

SUMMARY AND CONCLUSIONS 

Ten patients with nephritis were studied in the calorimeter. All 
were severe cases, and it was possible to examine five of the patients 
shortly before death. The results have been compared with those 
obtained last year on a series of patients with cardiorenal disease, six 
of whom were primarily nephritics. 

In the present series nine experiments were made on edematous 
subjects. All but two of these tests showed a diminution of the basal 
metabolism, both according to body weight and to surface area. In two 
cases with great edema the heat production was 27 and 40 per cent, 
below the normal average. 

Five patients suffering from nephritis of the chronic interstitial type, 
without edema, were studied. One with marked uremia was at the 
normal level of metabolism. Another, who was very restless, showed 
an increase. A third, in whom hyperthyroidism was suspected, also 
showed an increase. The other two were near the upper normal level 
of metabolism. 

In most of the patients with greatly increased blood pressure the 
metabolism was higher than in the other nephritics with lower blood 
pressures. Most of the patients with marked dyspnea showed some 
increase in metabolism. No relationship could be established between 
the level of metabolism and the degree of acidosis or the eliminative 
power of the kidney, as estimated by the McLean index, the phenol- 
sulphonephthalein test, the elimination of salt and nitrogen, and the 
analysis of the various substances in the blood, such as chlorids, urea, 
and the nonprotein nitrogen. 

The methods of direct and indirect calorimetry in this and the 
previous series of cardionephritics give totals which agree within 
0.7 per cent. The respiratory quotients are all within normal limits, 
showing that nephritics derive their energy from very much the same 
proportions of the various foodstuffs as do normal men. 

The normal quotients found in patients with low carbon dioxid com- 
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TABLE 1. — Nephritis. Data of— 


Subject, 










Date, 

Weight, 


End 

Carbon 




Urine N 

Indirect 

Heat 

Period 

of 

Dioxid, 

Oxygen, 

R. Q. 

Water, 

P2.- 

Oalo- 

Elimi- 

Surface Area, 


Period 

Gm. 

Gm. 


Gm. 

Hour, 

rimetry. 

nated, 

Linear Formula 







Gm. 

Cal. 

Cal. 

Case 1 (Joseph D.) 

Prelim. 

li:48 

I 







3/29/16 

75.V Kg. 

1 

12:48 

26.6 

25.2 

0.77 

34.6 

0.555 

82.9 

88.0 

1.84 Sq. M. 

\ 

\ 

2 

1:58 i 

26.8 

25.1 

0.78 

35.5 

i 0.555 

82.9 

86.9 

1 

Aver. 






i 



Joseph U 1 

Prelim. 









4/5/16 | 

70.8 Kg. 

1 

11:58 

22.6 

22.6 

0.73 

28.8 

' 0.375 

73.9 

! 77.2 

1.83 Sq. M. 1 

2 

12:58 

23.3 

19.5 

0.87 

28.5 

| 0.375 

65.9 

77.5 

| 

3 

1:58 

22.7 

18.3 

0.90 

28.5 

0.375 

62.5 

78.0 


Aver. 



1 

• 








Prelim. 

1 









4/10/16 

70.6 Kg. 

1.S3 Sq. M. 

12:27 

23.6 

21.2 

0.81 

22.5 j 

0.408 

70.7 

j 74.2 


2 

1:27 

22.0 

20.7 

0.77 

i 

21.6 

0.40S 

6S.4 

| 70.6 

1 

1 

Aver. \ 



t 

i 

i 





Case 2 (Lee H.)..J 

Prelim. 

IK 00 


1 

i 

. ... • 




12/4/15 




i 


21.9 




55.1 Kg. 

1.57 Sq. M. 

1 

11:57% 

17.4 

15.1 

0.84 

0.249 

50.7 

54.6 


2 

Aver. 

Prelim. 

1:00 

19.7 

17.1 

0.84 

1 

1 

26.0 

0.249 

57.7 

61.7 


1 

Lee H ! 

1/5/16 | 

61.6 Kg. ! 

I 

1 


i 

i 







1 

12:40 1 

16.0 

13.7 

0.85 | 

20.3 

0.296 

46.1 

51.1 

57.2 

1.70 Sq. M. 

2 

Aver. 

Prelim. 

1:41 

17.5 

16.1 

0.79 : 

22.5 

0.296 

53.4 



Case 3 (Edna S.).. 
12/1/15 

] 

1 



• 


i 

1 



. 


40.0 

■ 48.2 Kg. 

1.39 Sq. M. 

1 

12:39 

14.2 

11.0 ! 

0.94 

18.0 | 

0.713 

38.1 

40.9 

2 

1:39 

14.6 

n.9 ; 

0.89 

17.7 

0.713 

40.7 

Case 4 (Adam P.) 
1/14/16 

60.5 Kg. 

3 

Aver. 

Prelim. 

2:09 

7.2 

5.4 

0.96 

1 

8.6 

i 

0.713 

18.9 

20.7 





1 




1 

12:25 

19.1 

17.0 

0.82 

22.1 j 

0.340 

56.6 

61.2 

1.60 Sq. M. 

2 

1:25 

19.0 

17.6 

0.79 

21.6 j 

0.340 

5S.3 

62.8 


Aver. 






i 





Prelim. 

1 









2/7/16 

52.5 Kg. 

12:30 

17.5 

16.4 

0.78 

21.9 

0.163 

54.5 . 

55.7 

1.52 Sq. M. 

2 

Aver. 

1:30 

17.1 

14.8 

0.84 

21.3 

0.163 

50.0 

54.1 











Prelim. 

1 

11:58 

.12:28 








(Isidore R.) 
1/24/16 

13.0 

11.9 

0.79 

17.9 


39.6 

43.3 

63.2 Kg. 

1.87 Sq. M. 

2 

12:58 

13.8 

13.8 

0.73 

19.5 


45.2 

45.0 


3 

Aver. 

1:28 

11.8 

9.5 

0.90 

15.6 


' 32.7 

34.1 
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TABLE 1. — Nephritis. Data of — 


Subject, 







' 



Date, 

Weight, 


End 

Carbon 




Urine N 

Indirect 

Heat 

Period 

of 

Dioxid, 

Oxygen, 

K. Q. 

Water, 

per 

Calo- 

Elimi- 

Surface Area, 


Period 

Gm. 

Gm. 


Gm. 

Hour, 

rimetry, 

nated, 

Linear Formula 

j 






Gm. 

Cal. 

Cal. 

Case 5 (Jack K.)... 

Prelim. 

11:58 








3/4/16 










58.3 Kg. 

1.62 Sq. H. 

i 

12: 5S 

24.7 

20.1 

0.89 

23.3 

0.525 

68.2 

69.0 

2 

1:5S 

23.9 

19.6 

0.89 

25.1 

0.525 

66.3 

75.1 


Aver. 










Case 6 (Frank 0.) 

Prelim. 

11:46 








2/28/16 










Missing 

1.54 Sq. M. 

1 

12:44 

23.2 

23.4 

0.72 | 

| 

21.1 




2 

1:21 

18.1 

14.2 

0.92 

16.0 



47.8 

- 

Total 
95 min. 







124.5 



Aver, 
per hr. 







78.9 


Case 7 (John 0.).. 

Prelim. 



H 






2/9/16 







0.276 

78.4 

81.7 

69.8 Kg. 

1.87 Sq. M. 

1 

12:40 

24.3 


0.74 

32.3 




2 

1:40 

25.0 

22.1 

0.82 



74.3 

79.9 


Aver. 









Oasfi fi 

Prelim. 

11:57 








(Mildred C.) 





0.231 


49.7 

12/10/16 

49.7 Kg. 

1 

12:57 

19.9 

16.6 

0.87 

21.6 


0.231 


1.40 Sq. M. 

2 

1:57 

21.4 

23.1 

0.6S 

31.6 


61.9 


Aver. 







65.8 


Oase 9 (Wm. S.)... 

Prelim. 

11:40 









12/6/16 








. 68.8 

68.3 

64.2 Kg. 

1.66 Sq. M. 

1 

12:40 

22.2 

20.9 

0.77 

26.1 

0.483 


70.5 

2 

1:40 

22.4 

20.6 

0.79 

27.5 


6S.3 


Aver. 





1 





bronchial ( voice and breathing were heard over the right lower lobe. Two 
days later there was a small area of dulness and bronchial breathing at the 
angle of the left scapula. April 16 the temperature was normal and the 
patient felt weak but much better. By the 19th he was drowsy and his 
respirations slow and deep. There was persistent flatness and diminished breath- 
ing over the right lower lobe, but only 2 c.c. cloudy, sterile fluid could be . 
withdrawn by needle. On the afternoon of the 22d he suddenly began to have 
violent convulsions, lasting until his death, shortly after midnight. No necropsy 
could be obtained. 

After the febrile attack, which was probably pneumonia, the urine volume 
diminished rapidly, with a marked fall in the output of nitrogen and salt. 
This was in part due to a diarrhea. 

Case 2. — Lee H., aged 21, Chinaman, cook ; chronic parenchymatous nephritis 
with acute exacerbation. Admitted Nov. 19, 1915, died Jan. 14, 1916. 

History . — It was impossible to get any iriformation as to the character of 
his previous illnesses. He says that he has always been well. He has been 
in New York five years. He says his present trouble began about Nov. 1, 1915. 

Physical Examination . — Height 170 cm. ; frame small, whole body, includ- 
ing face and scalp, markedly edematous. His color is pasty; he is orthopneic 
and dyspneic. Heart: Apex beat in the fifth space 10 cm. from median line; 
no murmurs. Lungs : At both bases, flatness, diminished breath sounds and 
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oavj ao£ 'Anoq Aad Aajaui aABnbs Aad sauojBa si a§B siqj jo sjai§ aoj 
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-oqABa uoaiS oab ‘ajUA b sb ‘sjuaijBd aijuqdajq -pazipixo si ajBApjCq' 
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_ January 4 he began to have fever in the afternoons, reaching 101 to 103 F., 
with morning remissions. He complained of pain in the abdomen and chest 
and began to cough. Over the lungs, anteriorly, there developed many moist, 
crackling rales, and over the precordium a cardiorespiratory friction rub. The 
urine volume fell to 600 to 900 c.c., with 11 to 17 gm. nitrogen and only a 
trace of chlorids. His bowels moved four to seven times a day. The patient 
grew more toxic and dyspneic but had no convulsions. He. died, January 13. 
Postmortem aspiration of the pleural cavities and abdomen yielded milky fluid 
containing very few cells, but many diplococci. There was no necropsy. 

The blood on January 7 showed hemoglobin, 75 per cent.; red blood cells, 
4,500,000; leukocytes, 10,000; no filaria. 

Case 3. — Edna S., aged 13, schoolgirl, born in New York. Admitted Oct. 7, 
1915; died May 2, 1916; chronic parenchymatous nephritis with acute exacer- 
bation. 

History . — Previous history negative except for measles and a mild sore 
throat. In • 1912 she had a cough for a month and went to a physician who 
said she had kidney trouble. For the previous two years she had liad fre- 
quent nosebleeds, but no frequency of micturition, headache, dizziness or edema 
until the present trouble. Sept. 1, 1915, her mother noticed edema of the face. 
October 4 she was put to bed by the family physician on account of edema 
of the legs. October 6 she lost her vision and had a convulsion of the right 
side of the body, and was also in a convulsion when she was brought to' the 
hospital the next day. 

Physical Examination . — Color pasty; face, body and extremities very 
edematous. The patient is a well nourished, intelligent girl, orthopneic and 
slightly dyspneic. Respirations, Cheyne-Stokes. Tonsils large, with deep crypts. 
Heart: Left border of dulness in the fifth space 2 cm. to the left of the mid- 
clavicular line; right border 2 cm. to the right of the midsternal line. The 
second sound in the aortic area is markedly accentuated ; no murmurs. The liver 
edge is felt 2 cm. below the free margin of the ribs. The fundi of the eyes 
show slight haziness of the disk outlines. The blood pressure, which was 
160 mm., dropped to 115 mm. after removal of 350 c.c. blood from vein. 

On repeated examinations the urine showed large amounts of albumin, many 
hyaline and granular casts, and sometimes red blood cells. It was acid, con- 
tained no glucose, and the specific gravity averaged about 1.020. 

The patient was given a restricted diet, with fruit and plenty of carbo- 
hydrate, but very little nitrogen and only small amounts of fluid. She was also 
given a daily hot pack, November 15 and again March 3 she had convulsions 
during which venesections were performed. In November and December there 
was little change in her general condition, the edema being extreme and the 
urine volume always scanty. The patient was in the calorimeter December 1. 

January 28 fluid began to collect in the left pleural cavity. April 18 the 
temperature, which had been normal, rose to 101 F., then became very irregular, 
reaching 106 F., April 29. Cough and pain in the chest developed. She became 
more and more toxic and stuporous and died May 2, 1916. No necropsy 
could be obtained. 

The phthalein tests were as follows: November 15, 16 per cent.; Novem- 
ber 23, 61 per cent. 

The blood tests: November 15: urea nitrogen, 14.5 mg.; November 18: 
urea nitrogen, 22.6 mg.; November 30: nonprotein nitrogen, 18.9 mg.; March 3: 
total nonprotein nitrogen, 19.7 mg.; urea nitrogen, 16.2 mg.; blood CO: combin- 
ing power, 62 volume per cent. 

The spinal fluid, March 3, removed when the patient was stuporous, ten 
minutes before the convulsions began, was under increased pressure. 

Case 4. — Adam P., aged 26, Russian, a tailor. Admitted Jan. 10, 1915 ; dis- 
charged improved, May 5, 1916 ; chronic parenchymatous nephritis with ' acute 
exacerbation. 
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Case Number 
and 

Name 

Date 

in 

Cal’r, 

Age, 

Yrs. 

1. Joseph U 

3/29 

19 


4/ 5 

•• 


4/10 

•• 

2. Lee H 

12/ 4 

21 


1/ 5 

•• 

3. Edna S 

12/ 1 

13 

4. Adam P 

1/14 

26 


2/ 7 

•• 

9. "William S 

12/ 6 

27 ' 

5. JackK 

4/ 4 

28 

10. Isidore R 

1/24 

26 

6. Prank C 

2/28 

19 

7. John 0 

2/ 9 

61 

S. Mildred C 

12/10 

39 


TABLE 2.— Nephritis. Summary— 


Diagnosis 


Chronic parenchymatous, Ac. Exac. 


Chronic parenchymatous, Ac. Exac, 


Chronic parenchymatous, Ac. Exac. 
Chronic parenchymatous, Ac. Exac. 


Chronic parenchymatous 

Chronic interstitial 

Chronic interstitial, uremia 

Chronic interstitial, uremia 

Chronic interstitial 

Chronic interstitial (hyperthyroidism?) 


Status 

Temp., 

Died 4/23 

37.1 


36.7 


37.0 


36.5 


36.8 

Died 5/2 

37.0 

Improved 

37.1 


36.8 

Improved 

3S.3 

Improved 

36.8 

Died 1/27 

37.1 

Died 3/27 

37.1 

Improved 

37.1 

Improved 

.... 


0 . 


TABLE 3. — Nephritis. Summary— 


Case Number 
and 

Name 

Date 

in 

Cal’r. 

Urine 

Ambard 

McLean 

Index 

Blood 

24 Hr. 
Volume, 
C.c. 

Total 

N, 

Gm. 

Total 

Cl as 
NaCl 

Phthalein 
per Cent, 
in 2 Hrs. 

Nonpro- 
tein N, 
Mg. 

Urea, 

Mg. 

1. Joseph U 

3/29 

1,520 

12.1 

4.1 

10 

48 

— 

59.5 


4/ 5 

946 

9.1 

1.8 

79 

47 

100.0 

57.4 

* 

4/10 

935 

9.3 

2.3 

16 

39 

117.0 

53.2 

2 Lee H 

12/ 4 

570 

7.2 


64 



32.0 


1/ 5 

260 

7.8 

0.9 

13 

•• 1 


49.0 


12/ 1 

' * * 

■■■ 


.. 1 

.. 


.... 

4. Adam P 

1/14 

1,280 

mm 

4.8 


67 

| 39.4 

20.5 


2/ 7 

1,340 

■1 

4.1 



41.0 

18.9 

9. William S 

12/ 6 

1,230 

10.7 

— 


•• 

41.7 

17.3 

5. JackK 

3/ 4 

1,750 

6.8 

6.9 


82 

72.5 

53.9 


1/24 





, t 


5S.1 


2/28 




18 

49 

49.7 

18.9 

7. John C. 4 

2/ 9 

975 

8.1 

5.8 

35 

.. 

33.3 

16.1 

8. Mildred C 

12/10 


.... 

... 

20 

134 

26.2 

13.2 


1. On November 24. 

2. Below 47, the normal for a girl of this age. 


3. Very restless. 

4. 62 years old. 
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THE ARCHIVES OF INTERNAL MEDICINE 


Physical Examination . — A somewhat undernourished young man with marked 
edema of the whole body, including face and genitalia. The heart is enlarged, 
the left border of dulness being 12.5 cm. to the left of the median line; the 
right border, 6 cm. to the right. At the bases of the lungs there is dulness 
and diminished resonance and breath sounds. There is some fluid in the 
abdomen. 

The urine was acid; specific gravity 1.018 to 1.022; glucose absent; albumin 
present in large amounts, with many hyaline and granular casts and many 
red blood cells. Wassermann weakly positive. 

December 3, a note says : “Patient lying flat in bed in no distress. Hands 
are blue; face neither cyanotic nor edematous. Heart sounds of good quality; 
no murmurs. Second sound is reduplicated; second aortic sound much accentu- 
ated. Lungs : Dulness at bases extends on both sides to within three finger- 
breadths of scapulae. There are a few coarse rales at the left base. Abdomen 
much distended and dull in right flank. No shifting dulness or fluid wave. 
There is marked edema of body wall from costal margin downward, and of 
legs and feet, and slight edema of thighs and genitalia.” The phthalein test 
was 48 per cent. December 3. Blood pressure: 160 mm. systolic; 95 mm. diastolic. 
Patient was in the calorimeter December 6. 

December 6, before he was put in the calorimeter, the temperature began 
to rise and continued irregular, reaching 103 F. ; pulse 74 to 100; respirations 
18 to 28. The patient developed a cough and the lungs showed many rales 
but.no consolidation. December 8 the alveolar C0 2 was 31 mm. Hg. Decem- 
ber 13 the febrile attack ended and patient improved steadily, but on February 4, 
when he was discharged, he still complained of swelling of the ankles and 
slight headache. The table of clinical data (Table 6), December 4 to 6, shows 
the urine volume 800 to 1,300 c.c., with 8 to 11 gm. nitrogen. 

Case 5. — Jack K., aged 28, baker. Admitted Feb. 15, 1916; discharged 
improved; chronic interstitial nephritis. 

History . — At the age of 7 the patient had diphtheria. In 1901, while in the 
army, he had malaria. He has had frequent sore throats and in 1912 had 
rheumatic fever following tonsillitis. The same year he had urethritis. He 
was formerly a heavy drinker. 

In August, 1914, he began to have pain in the head and lumbar region, 
epistaxis, vomiting, dizziness, edema of legs, weakness and frequency of 
urination. He was in the hospital for a long time, being discharged only two 
months before entrance into Bellevue. Feb. 12, 1916, he had nosebleed, occipital 
headache and dizziness. Things got black before his eyes. February 15, the 
day of admission, he noticed edema of the legs. He has been passing urine 
three to five times at night and has lost 8 pounds in one month. He has 
had no night sweats or cough. 

Physical Examination . — A well developed and well nourished man of rather 
sullen demeanor. He is not dyspneic or cyanotic and there is only slight edema 
of the feet. Heart: Left border of dulness in the fifth space is 12.5 cm. from 
the median line; right border, 4 cm. to the right of median line. Radial 
arteries are hardened. Lungs are clear. Eyes: Fundi show slight haziness 
of disk outline and of vessels. 

March 4 the patient was in the calorimeter. His condition was practically 
unchanged except that the edema had disappeared. 

His urine was acid; specific gravity 1.010 to 1.012 on repeated examinations 
and in two-hour day and night specimens. Glucose was absent. Albumin was 
present in a heavy cloud, with casts, a few leukocytes, but no red blood cells. 
The Wassermann test on the blood was negative. 

The blood pressure was, systolic, between 214 and 197 ; diastolic, between 

96 and 145. 

Phthalein Tests : February 19, 13 per cent. ; March 3, 8 per cent. 

Blood: February 23, nonprotein nitrogen 90.7 mg. March 3, nonprotem 
nitrogen 72.5 mg.; urea nitrogen, 53.9 mg.; creatinin, 2.6 mg.; chlorids, 0.740 
per cent.; McLean index, 82. March 2, CO_* combining capacity of plasma, 
53 Vols. per cent. 
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THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 4. — Nephritis — 



Temperature 

Mas. Min. 


Food 



Urine 

N., 

Gm. 

Excreta 
. N.,i 

Gm. 

Name and 
Date 

Total 

Calories 

Carbohy- 

drate, 

• Gm. 

Fat, 

Gm. 

N., 

Gm. 

Case 1 
Joseph U. 
3/29/16 

99.4 97.8 

1,0S1 

145 

42 

3.9 

12.1 

12.5 

3/30/16 

99.0 97.4 

1,287 

170 

49 

4.4 

11.1 

11.6 

3/31/16 

98.8 97.8 

1,551 

225 

54 

4.9 

13.2 

13.7 

4/ 1/16 

Normal 

1,554 

215 

59 

5.0 

11.3 

11.8 

4/ 2/16 

Normal 

1,653 

213 

59 

5.2 

11.4 

11.9 

4/ 3/16 

Normal 

1,579 

216 

61 

5.1 

9.6 

11.1 

4/ 4/16 

Normal 

1,455 

207 

52 

4.8 

9.7 

10.1 

4/ 5/16 

Normal 

1,200 

164 

53 

5.4 

9.1 

9.6 

4/ 6/16 

Normal 

1,712 

226 

64 

7.4 

9.8 

10.5 

4/ 7/16 

Normal 

1,474 

207 

54 

4.9 

9.5 

10.0 . 

4/ 8/16 

98.6 97.0 

1,673 

228 

56 

5.0 

9.2 

9.7 

4/ 9/16 

Normal 

1,433 

197 

55 

5.0 

9.3 

9.8 

4/10/10 

Normal 

1,375 

186 

51 

5.2 

9.3 

9.9 ■ 

4/11/16 

105.0 99.4 

1,252 

182 

42 

4.4 

11.2 

11.6 

4/12/16 

104.8 100.4 

0 3 

0 

0 

0 

7.8 3 

7.S 

4/13/16 

102.8 99.6 

609 

31 

45 

2.6 

4.7* 

5.0 

4/14/16 

103.8 100.6 

0= 

0 

0 

0 

2.4® 

2.4 

4/15/16 

101.4 98.8 

672 

61 

38 

2.8 

1.1 

2.4 

4/16/16 

Normal 

916 

116 

40 

2.7 

2.0 

2.3 

4/17/16 

Normal 

830 

88 

42 

3.3 

2.6 

2.9 

4/18/16 

Normal 

930 

SS 

49 

4.3 

2.8 

3.2' 

4/19/16 

Normal 

908 

117 

38 

2.9 

3.2 

3.5 

4/20/16 

Normal 

692 

132 

13 

1.2 

6.5 ’ 

6.6 

4/21/16 

Normal 

916 

149 

27 

2.1 

6.5 

6.7 

Case 6 
Frank O. 
2/27/16 

Normal 

, 989 
o 

324 

43 

3.2 

15.6 

15.9 ■ 

2/28/16 

Normal 

664 

60 

39 

2.1 

11.9 

12.2 

' 3/24/16 

Normal 

1,687 

250 

60 

4.2 

17.5 

17.9 

3/25/16 

Normal 

792 

108 

32 

1.8 

15.7 

15.9 


1. Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen. 

2. Vomited. 4. 21 hours 40 minutes. 

3. 26 hours 20 minutes. 5. 24 hours 10 minutes. 
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THE ARCHIVES OP INTERNAL MEDICINE 


TABLE 5 . — Nephritis.— 


Case Number, 
Name and 
Date 


Food 


Eood 

N., 

6m. 

Urine 

N., 

Gm. 

Excreta 

N.,i 

Gm. 

Nitrogen 

Balance, 

Gm. 

Total 

Calories 

Carbohy- 

drate, 

Gm. 

Eat, 

Gw. 

Case 4 
Adam.P. 2 3 


• • • 

, , * 

• •• 

• ■ ■ • 

• a ■ « 


1/13/16 

1,603 

183 

79 

4.6 

11.0 

11.5 

— G.9 

1/14/16 

1,606 

148 

95 

4.6 

7.7 

8.2 

—3.6 

1/15/16 

1,627 

203 

72 

5.0 

9.3 

9.8 

— 4.8 

1/16/16 

1,609 

203 

72 

4.4 

8.1 

8.5 

—4.1 

1/22/10 

1,174 

154 

47 

4.1 

7.6 

8.0 

—4.0 

1/23/16 

1,464 

204 

53 

5.2 

8.2 

8.7 

-3.5 

1/24/16 

1,345 

175 

63 

5.1 

7.2 

7.7 

-2.6 

1/25/16 

1,616 

224 

61 

5.1 

7.7 

8.2 

—3.1 

1/26/16 

1,595 

205 

66 

5.5 

7.9 

8.4 

—2.9 

1/27/10 

1,391 

186 

54 

5.0 

6.6 ‘ 

7.1 

—1.1 

1/28/16 

1,486 

214 

51 

5.3 

6.9 

7.4 

—2.1 

1/29/16 

1,434 

179 

62 

4.8 

6.0 

6.5 

-1.7 

1/30/16 

1,577 

226 

57 

4.6 

7.0 

7.5 

-2.9 

1/31/16 

1,601 

216 

63 

5.3 

7.9 

8.4 

—3.2 

2/ 1/16 

1,423 

204 

52 

4.2 

6.4 

6.8 

—2.6 

2/ 2/16 

1,518 

202 

60 

5.0 

6.2 

6.7 

—2.7 

2/ 3/16 

1,634 

225 

63 

, ** 

6.7 3 5 

7.2 

—2.3 

2/ 4/16 

1,488 

211 

54 

4.8 

6.5* 

7.0 

—2.2 

2/ 6/16 

1,569 

225 

56 

4.9 

5.6 C 

6.1 

—1.2 

2/ 0/16 . 

1,477 

194 

60 

4.9 

6.7° 

7.2 

—2.3 

2/ 7/16 

1,321 

181 

48 

5.2 

6.7 

' 7.2 

—2.0 

2/ 8/16 

1,558 

221 

56 

4.8 

6.6 

7.0 

—2.2 

2/ 9/16 

1,529 

212 

57 

4.8 

6.5 

7.0 

—2.1 

2/10/16 

2,153 

195 

103 

15.2 

7.0 

8.5 

+6.7 

2/11/16 

2,138 

192 

105 

14.6 

10.4 

11.9 

+2.7 

2/12/16 

2,024 

204 

87 

14.9 

11.1 T 

12.6 

+2.3 

2/13/16 

2,029 

199 

86 

15.1 

12 ,2 8 

13.7 

+1.4 

2/14/16 

2,010 

191 

90 

15.2 

13.7 

15.1 

+0.1 


1. Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen. 


2. Temperature normal. 

3. 25 hours 15 minutes. 

4. 22 hours 25 minutes. 

5. 23 hours 25 minutes. 


6. 24 hours 55 minutes. 

7. 22 hours 20 minutes. 

8. 25 hours 35 minutes. 










'SISOUBAO JO BDUdS.Vp OU pEq SEq OJJ 'UOlSaj apBJOqX jaAVOJ P UT2 ^PBq 3l £ U !f 
uiBd puE saqaBpBaq psq SBq aq ‘Xxxuaaajj 'snoxBiuapa saiuxx xb ajaAv EqBXixiaS 
pus aosj aqx puE sjeajoxux xb uayoAvs ajaAv sapjUB puE sSaj oqx JBa£ suoia 
-D id aqx Suuhq -siqjqpjn pEq aq xsax aqx oj joud sjEa£ oavx 'SuuBaq axjx 
jo luaouiEduit Xq paAvoyoj ‘joaoj xai-iEas pEq aq g jo aSs aqx xy — \Uojsifj 

•spuqdau snoxBiu4qauajBd oxuojqo i 9I6T 
‘P - qaj paAOJdiut paSjEipsip i cjgj ‘91 ‘aonj ‘qaBimuBjq *jq jo aaiAJas ‘uoisiaiq 
jEaipaj^ qxjnoj aqx ox paxxtxupE seav ‘jajoqEj ‘/£ paSB ‘-g uiBiqi/^\ — 'g asvo 

"BuisBjd snj jo iCxjaEdBD Suxuiquioa pixoip 
uoqjEa aqx puB xqSiaAv siq uo axEuoqjEaiq umipos jo xoajja aqx auxxujaxap ox 
apEux ojoav sxuaiuuadxa jejoaos sxaip pajnsBaui uo ajiqjw 'amoq xuaasajBAuoa 
b ox juas sbav 9 <{bj\[ uo pus jaBuoixs avojS ajj •xoaoaoxdaJls paAVoqs ajnxjnD 
auun aqx /j qaJBjq uo 'sqaaAv Avaj b ui pajBaddBsip auun aqx ui snd aqx 
•paxaadsns seav iCaupiq aqx jo uoixojejuj ‘snjnDiBa ou pajBaAOJ ^Cbj uaSxuaojj aqx 
•auuti aqx ui spaa poojq pax Avaj e puB syaa snd Xubui ‘jaAaj XxiSqs ‘jCaupiq 
XqSu aqx J3 ao uiBd psq aq qaaAV SuiAVoyoj aqx joj 'pooxq pauiBXUoa auun aqx 
AEp ;xau aqx 'jpEq aqx u 1 uiBd jo pauiBjduxoa aq ‘sdaxs avoj b SupyBAv joxjb 
• 9 qajBj\{ qaaj p uBqx aausxsip jaxuajS b xb sjaSuy qsinSuijsip ox ajqBun yixs 
seav ajq -sjnoq Avaj b joj paq jo xuo xa§ ox ajqB seav puB BaudSiCp ou pus 
Euiapa ou pEq 9 ipjEjAf jCq puB Xjavojs aAOJduit ox panupuoa xuaxxBd aqx 

•99 ‘8 XjBnjqaj 9 ‘81 .AJBnuBf 
; 8S ‘£1 ^-xx2nuBjf xsAvoqoj sb seav BuxsBjd aqx ui =OD J° 'luaa jad aimqoA aqx 
•xuaiuajmbaj aqx J3 aod ox xuapxyns xnoqB jsnf ajaAV xaip aqx ui sauojBa aqx 
•aqBxux aqx papaaaxa auun aqx ui spuojqa pun uaSojxxu ‘jaxBAV jo xndjno aqx 
•52 sbav ‘8 ■iCjBnjqa.y xapux UBaxaH sqx ‘Buxapa ou xsouxjb pBq AiBnjqay; ‘jaxaxui 
-jojed ai[x ui xxau uaxpv pus XjtpEaxs xqBpM xsoj xuaxxBd aqx ‘tuS 8 ox 5 ‘spuojqa 
f - xu3 n ox 8 ‘xiaBoJXiu auun f'D-a 009‘T ox 000‘l SEAi amnxoA auun ^{lEp aqx 
•Exuapa aqx ui piny pauiBxaJ jo '3q oi ^xxoqB ajaAV ajaqx axujx sxqx xy >1 ^-ib 
- nuEf jaxaxuuoiEa aqx ui sem ajq ‘panuixuDa XBJoqxojp^q puE Bxuapa pazijBJauaS 
ai]X - sqaEd xoq ‘xsjxj xb ‘puB xaip paxaujsaj b uaAiS seav xuaxxBd aqx 

•uxux 901-091 } n0C l E IPJ ■£ ^JBnaqax 

ipun aqoxsBip - ium on puB oqoxsiCs •turn QOZ XnoqB seav aanssaad poojq aqx 

y9 SEAV 

xapux uEaqpjAj; aqx puE quaa jad seav sunoq oavx ui xsax upiEipqd aqx 


- xuaa aad 09‘0 
•2ui 2T 
•Sui S'o 
•Sux sz'O 
•Sui £-p£ 
•Sui 06 


• • spuojqa euisejx 

' ' ppB OXJfJ 

UXUIXB3J0 

uaSoJxxu Eiudxmuy 

uaSoJxxu Bajfj 

jBSng 


: SAVoyoj se sbav sis^jeub poojq aqx uois 
-suupB uo 'S20‘I P UB 910' I uaaAvxaq pauEA XxxaejS ayiaads aqx ’sxsEa jeiouejS 
puB auqBAq Aubxu puB uxmnqjB jo xunouiB aSjBj b pauiEXuoa arnan aqx 

•sxxuqdau aqx qxjAv op ox Suxqxou 
sBq uoxxxpuoa a/ia aqx XBqx saAaqaq saa-jj -jq yaoj 1 jo aauExsxp b xb ^juo 
SJaSuy qsmSuixsxp ueo ajj; 'uoiXEanp Suoj jo sixiuxxajouoqo Avoqs xpun^ : sa.-Cg 
•spunos qxEajq jo uopnutuiip puB ssaujijp axuos si ajatjx sSunx aqx jo sasuq 
aqx xy ‘paiBnxuaoDE si punos oxuoxuind puoaas aqx ‘auq uBipaxu aqx uiojj 
•xuo 9 'zi ssaujnp jo japjoq xjBX O-iBajj 'apuds^p xou si ajj 'Btuapa pazi 
-jEjauaS paqjBui qxiAV ubux SunoX padopAap yaAV y — •uoiivuimvxg poisfcyj 

•xqStu xb sauxxx Jnoj ox aaaqx auian sassBd avou puB Bimxaou 
SuiSBajDux pBq SBq ajq 'saqaBpBaq puB ssauxzzip ‘uoxsia jo ssauuxip xuojj Jajjns 
ox UBSaq aq ‘pjBAVJajjB ^iXJoqg 'aoEj puB suub ‘uaxuopqB paAxoAux SBq puB 
pasEajaui iCyBnpBjS SBq qaiqAV ‘sSax aqx jo Eiuapa paaijou aq ‘ 9 X 6 X ‘Judy xxxoqy 

•uoixBjapoxu ui jaaq sasn ajj 
•sixiyisuox pEq aq xsax ailX ox joud sqxuoui xig ‘sxuoxdtuAs ajnoBqns axuos puq 
suq aq uaqx aauig -sjuiof ituBtu Suiaioaui ‘sxxxuoui oavx joj jaAaj aixBuxnaqj pBq 
XuajXBd aqx 91 jo aSe aqx xy- ‘Jaquup ^ABaq b sbav jaqxBj sijj — -{tuofsijj 


"s siiixhjhn mi nsnoavisn auoi vuijshm—sio 3 na-anv 



886 


THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 6. — Nephritis.— 


Case Number 
Name and 
Date 

Temperature 

Max. Min. 

Food 

Food 

N., 

Gm. 

Urine 

N., 

Gm. 

. Excreta 
N., 1 

Gm. 

Total 

Oalories 

Carbohy- 

drate, 

Gm. 

Eat, 

Gm. 

Case 2 

Lee H. 

12/ 4/15 

98.0 97.6 

1,153 

116 

50 

V 

6.3 

7.2 

7.8 

1/ 5/10 

100.6 9S.6 

1,146 

136 

51 

4.6 

7.8 

8.3 

1/ 6/16 

101.8 98.2 

447 

32 

27 

3.2 

6.8= 

7.1 

1/ 7/16 

102.0 98.6 

296 

14 

20 

2.5 

16.8 s 

17.1 

1/ S/16 

103.4 99.8 

477 

45 

20 

4.0 

16.3 

16.7 

1/ 9/16 

103.0 99.6 

644 

49 

27 

3.8 

14.6 

15.0 , 

1/10/16 

102.6 100.6 

664 

68 

31 

4.0 

14.1 

14.5 

1/11/16 

102.4 100.6 

142 

12 

8 

0.7 

11.3 

12.0 

1/12/16 


412 

' 46 

18 

2.3 

11.1 

11.3 

Case 9 
William S. 
12/4/15 


1,263 

140 

55 

7.2 

9.6 

10.3 

12/5/15 

99.2 97.0 

1,180 

141 

43 

8.0 

7.6 

8.4 

12/6/15 

- | 

1,470 

144 

69 

9.4 

11.1* 

12.0 

Case 7 

John 0. 

2/ S/16 

Normal 






/ 

2/ 9/16 

Normal 

1,415 

189 

57 

4.4 

8.1 

8.5 

2/10/16 

Normal 

2,009 

285 

76 

5.3 

6.1 

6.6 

2/11/16 

Normal 

1,959 

269 

78 

5.2 

6.9 

6.4 

Case 5 

Jack K. 








9/4/16 


1,569 

204 

66 

4.7 

6.8 

7.3 


.1. Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen. 
2 23 hours. 

3. 25 hours. 4. 23 hours 25 minutes. 


Case 6. — Frank C., aged 19, born in Italy. Admitted Feb. 23, 1916; died 
March 27, 1916; chronic interstitial nephritis; uremia. 

History . — No cause of nephritis was found. He says he has always been 
well and has been a very moderate user of alcohol. For many years he has 
had nocturia; for two and a half months dimness of vision; for two days, 
severe frontal headache and scanty urine; for one day, nausea and vomiting. 
He has had no edema. 

Physical Examination . — Patient is well developed and well nourished. He 
is dyspneic, orthopneic, pale; his eyes have a vacant stare, and he is evi- 
dently in pain. Breath urinous. He has no edema. Heart: Left border of 
dulness in the fifth space 1 cm. outside the nipple line; right border at the 
sternal margin; no murmurs; second aortic sound markedly accentuated,- 
Arteries not markedly sclerosed. Fundi show marked albuminuric retinitis with 
hemorrhages. He cannot count fingers at 2 feet. 

The urine contained a large amount of albumin, many hyaline and granular 
casts and a few red blood cells. The. Wassermann reaction was very faintly 
positive. 

February 24 he had a spastic convulsion lasting forty-five minutes. 
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THE ARCHIVES OF INTERNAL MEDICINE 


February 28, McLean index 79. CO; combining capacity of tl\e plasma in 
volume per cent., • February 24, 66; February 28, 64. 

Case 7. — John C., aged 61, watchman. Admitted Feb. 8, 1916; transferred 
to City Hospital Feb. 18, 1916, improved; chronic interstitial nephritis. 

History. — Thirty-five years prior to test he had urethritis and probably lues. 
Six years prior he had rheumatic pains in the left shoulder. He has been 
an excessive pipe smoker but a moderate user of alcohol. In spite of his 
61 years he still had the sexual vigor of a young man. 

Two years prior to test his joints ached and he was told that his blood 
pressure was 288 mm. For the five months previous to examination he had 
been unable to work on account of failing eyesight. He has been dyspneic 
on climbing two flights of stairs. At times he has severe frontal headaches, 
dizziness and occasionally loses control of his tongue and becomes aphasic. 
He has marked frequency of urination, six to eight times in the day, four or 
more times at night. 

Physical Examination. — Well nourished; looks younger than his age. His 
respirations are deep and regular. He is orthopneic but not cyanotic or ede- 
matous. The teeth are in very bad condition. Heart: Apex beat in the sixth 
space 15 cm. from the median line; second aortic sound much accentuated. 
There is a large, deep scar on the penis. 

Urine: February 8 the phthalein output was 25 per cent, in two hours. 
February 9 to 12 the daily urine volume was 400 to 1,000 c.c.; nitrogen, 6 
to 8 gm.; sodium chlorid 2 to 6 gm. His temperature was normal; pulse 60 
to 88; respiration 14 to 22. The blood pressure on two examinations was 
285 and 236 mm. systolic; 165 and 130 mm. diastolic. February 8 the McLean 
index was 136 and the CO= combining power of the plasma was 69 volumes 
per cent. 

Case 8. — Mildred C., aged 39, milliner, born in England, single. Admitted 
Nov. 23, 1915; discharged improved, Jan. 6, 1916. Chronic interstitial nephritis; 
uremia; hyperthyroidism (?). 

History. — Three years prior to admission she had diphtheria. In August, 
1915, while on a street car, she began to suffer from headache and vomiting 
and was brought to Bellevue, where she remained unconscious for four days, 
and was discharged two weeks later. At this time the urine contained much 
albumin and many hyaline and granular casts. The Wassermann reaction was 
strongly positive. 

As long as she can remember she has had severe headaches, with nausea 

and vomiting. These come about every month but are not related to the 

menses, which are normal. Her appetite is fair, bowels constipated. For one 
year she has had marked nocturia. 

Following her first stay in Bellevue she went back to work. For a week 
she has had a severe headache. She has had no dyspnea and no edema. 

Physical Examination. — November 23: A thin, nervous woman who looks 
chronically ill. She is slightly dyspneic and orthopneic. There is moderate 
exophthalmos but no von Graefe’s sign, no goiter, no tremor and only slight 
tachycardia. Heart: Left border of cardiac dulness is 12.5 cm. from the 
midsternal line; right border, at right sternal margin; the second aortic sound 

is accentuated ; in the aortic region there is a thrill and a systolic murmur. 

The lungs are normal. The liver edge, spleen and right kidney are palpable. 
The knee jerks are exaggerated. Ophthalmoscopic examination, negative. 

The urine was acid; specific gravity 1.010 to 1.018; glucose absent; albumin 
present in large amount;- a few granular casts were found but no red blood 
cells. The blood count showed: 


Red blood cells 5,080,000 

Leukocytes 7,200 


Differential, normal 
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CLINICAL CALORIMETRY 

TWENTY-THIRD PAPER 

THE EFFECT OF ROENTGEN-RAY AND RADIUM THERAPY 
ON THE METABOLISM OF A PATIENT WITH 
LYMPHATIC LEUKEMIA * 

JAMES B. MURPHY, M.D. J. H. MEANS, M.D.f 

NEW YORK BOSTON 

AND 

J. C. AUB, M.D. 

NEW YORK 

In this paper there will be presented the results of calorimetric 
observations made in a case of chronic lymphatic leukemia, both 
before and after vigorous Roentgen-ray therapy, and also after 
exposure to radium. The basal metabolism in leukemia will be dis- 
cussed and the effect of irradiation thereon. 

The literature" contains but few observations of this sort. Those 
by Grafe, 1 Magnus-Levy, 2 Kraus, 3 and Bohland 4 being the only ones 
that we have found suitable for comparison with cur own case. 

By referring to Table 1, in which the experiments of these several 
authors are collected, 3 it will be seen that in both forms of leukemia 
there is invariably a marked rise in the basal metabolism expressed in 
terms of body surface area. This is found in both types about equally, 
the average increase over the normal in eight cases of lymphatic 
leukemia being 52 per cent., and in five of the myelogenous type, 44 
per cent.® 

The cause of the increase is uncertain; Grafe believed it to be due 
to the active metabolism of the large numbers of premature white 

* Submitted for publication Dec. 19, 1916. 

*From the Russell Sage Institute of Pathology, in affiliation with the Second 
Medical Division, Bellevue Hospital. 

f Henry P. Walcott Fellow in Clinical Medicine, Harvard University. 

1. Grafe, E. : Die Steigerung des Stoffwechsels bei chronischer Leukamie 
und ihre Ursachen, Deutscli. Arch. f. klin. Med., 1911, 102 , 406. 

2. Magnus-Levy, A.: Ueber den Stoffwechsel bei acuter und chronischer 
Leukamie, Virchows Arch. f. path. Anat., 1898, 152, 107. 

3. Kraus, F. : Ueber den Einfluss von Krankheiten, besonders von anamischen 
Zustanden, auf den respiratorischen Gaswechsel, Ztschr. f. klin. Med., 1893, 
22, 449. 

4. Bohland, K. : Ueber den respiratorischen Gaswechsel bei verschiedenen 
Formen der Anamie, Berl. klin. Wchnschr., 1893, 30 , 417. 

5. A more extended form of this table will be found in Paper 15 of this 
series. The Archives Int. Med., 1916, 17 , 974. 

6. In this discussion the patients S. W. of Kraus and H. of Bohland were • 
■omitted, there being some uncertainty as to which type of leukemia they belonged. 
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THE ARCHIVES OF INTERNAL MEDICINE 


TABLE 1 . — Basal Metabolism in Cases of — 
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THE ARCHIVES OF INTERNAL MEDICINE 

In Goodall’s case there was a high endogenous uric acid elmination, 
but this showed marked variation which' had no relation to the total 
nitrogen or to the apparent leukocyte destruction. Goodall concluded 
that the destructive process might be carried beyond the uric acid stage, 
and that, also, retention of uric acid might occur for the purpose 'of 
new leukocyte formation. Other writers, among them Stejskal and 
Erben , 12 and Rzentkowski , 17 have found no increase in the uric acid 
output in chronic leukemia. The latter not only failed to find any 
increase in the endogenous uric acid elimination, but also on feeding 
meat, Liebig’s extract, or uric acid, failed to get an increase in the 
exogenous elimination. This suggested that the process of uricolysis 
was increased over the normal. 

Folin and Denis 18 have found that the blood uric acid is markedly 
increased in leukemia. 

A retention of phosphates in leukemia has been found by several 
writers, Moraczewski , 19 Stejskal and Erben , 12 and Musser and Edsall . 9 
The latter believe this retention to be due to the rapid building of 
leukemic tissue, a tissue especially rich in phosphorus. 

Stejskal and Erben found a loss of calcium in their case of 
lymphatic leukemia. 

There seems to be, therefore, plenty of evidence to show that a 
profound change in the general metabolism may occur in leukemia. 
Since this is so, and since Roentgen and radium therapy have been 
used ver}^ extensively of late in both types of chronic leukemia, it 
seemed important to determine the effect of such forms of treatment 
on the leukemic’s basal metabolism. 

That the Roentgen ray is capable of producing a change in the 
metabolism in normal individuals is shown by the experiments of 
Linser and Sick 20 who found an increase in uric acid and purin bases 
and a decrease in the leukocytes of the blood after irradiation. 
Baermann and Linser 21 also found a rise in the total nitrogen. 
Benjamin and von Reuss , 22 in a normal dog after a single very intense 

17. Rzentkowski, K. : Untersuchungen fiber den Purinstoffwechsel in einem 
Falle von lymphatischer Leukamie, Zentralbl. f. Biochem. u. Biophysik, 1911, 
11, 717. 

18. Folin, O., and Denis, W.: On Uric Acid, Urea and Total Nonprotem 
Nitrogen in Human Blood, Jour. Biol. Chem., 1913, 14 , 29. 

19. Moraczewski, W. v. : Stoffwechselversuche bei Leukamie und Pseudo- 
leukamie, Virchows Arch. f. path. Anat., 1898, 151, 22. 

20. Linser, P., and Sick, K. : Ueber das Verhalten der Harnsaure und Punn- 

basen im Urin und Blut bei Roentgenbestrahlungen, Deutsch. Arch. f. klm. xled., 
1906-1907, 89 , 413. . 

21. Baermann, G., and Linser, P. : Ueber die lokale und allgemeine Wirkung 
der Rontgenstrahlen, Mfinchen. med. Wchnschr., 1904, 51, 996. 

22. Benjamin, E„ and v. Reuss, A.: Roentgenstrahlen u. Stoffwechsel, 
Mfinchen. med. Wchnschr., 1906, 53, 1862. 
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THE ARCHIVES OF INTERNAL MEDICINE 

tion, returned to normal coincidently with the leukocyte count. In 
another case of the same disease they found that the uric acid 
remained high even after irradiation had produced an actual leuko- 
penia. Heile 31 found an increase in both uric acid and purin bases in 
three cases. Koniger, 32 in seven cases of chronic myelogenous leuke- 
mia, found a marked change in the uric acid elimination following 
irradiation. This consisted, first, in a marked increase, and later, in a 
reduction to a normal figure as the blood picture approached an 
aleukemic condition. Cavina, 14 on the other hand, found no increase 
either in uric acid or total nitrogen in a case of lymphatic leukemia 
while the patient was being treated with the Roentgen ray. The nitro- 
gen balance was invariably positive, although the leukocyte count fell 
from 60,860 to 24,800. 

The cases of Musser and Edsall 0 are especially interesting in this 
connection. In one of their cases in which the Roentgen ray had no 
beneficial effect clinically, it likewise had little or no effect on the 
nitrogenous metabolism, whereas in the other case, in which there was 
a marked reduction in the number of white cells and clinical improve- 
ment, there was a definite increase in uric acid and purin base output, 
a very striking loss of nitrogen and an increased elimination of phos- 
phorus pentoxid. 

The histologic action of the Roentgen ray seems to be essentially 
the same in leukemia as in normal individuals. It has been described 
in detail in the papers of Warthin 33 and of Aubertin and Beaujard. 34 
The immediate action is that most cells of the hematopoietic organs 
are either destroyed at once or so damaged that they become so later. 
This action is especially violent on cells of the lymphatic series. In 
either the lymphatic or the bone marrow series, however, both young 
and old cells are attacked, with the result that, although the total 
number of white cells may be reduced to normal and the blood ren- 
dered aleukemic, nevertheless the differential count never becomes 
normal. Pathologic cells persist even when an absolute leukopenia 
has been produced. As a number of writers point out, therefore, the 
treatment is purely palliative, but, owing to the great reduction in the 
size of the spleen and the general clinical improvement, in many cases ' 
is, nevertheless, distinctly worth while. 

31. Heile: Ueber intravitale Beeinflussung autolytischer Vorgange im Korper, 
Ztschr. f. klin. Med., 1904, 55, 508. 

32. Koniger, H. : Der Einfluss der Roentgenbehandlung auf den Stoffwechsel 
bei chronischer myeloider Leukamie, Deutsch. Arch. f. klin. Med., 1906, 87 , 31. , 

33. Warthin, A. S.: The Minute Changes Produced in Leukemic Tissues by 
Exposure to Roentgen Rays, Am. Jour. Med. Sc., 1914, 147 , 72. 

34. Aubertin, C., and Beaujard, E. : Sur le mode d’action de la radiotherapie 
dans la leucemie myelolde, Bull, et mem. Soc. med. d. hop. de Paris, Series 3, 
1913, 36 , 66. 
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was determined by Benedict's 38 method. For the calorimeter experi- 
ments the steamer chair was used. 

The Roentgen-ray treatments were given at the hospital of the 
Rockefeller Institute. The treatment used varied from that generally 
employed in that the whole surface of the body was exposed to a 
radiation of low penetration. 

The radium treatments were given by Dr. Karl M. Vogel at St. 
Luke’s Hospital. Radium was applied over the splenic region on six 
occasions in the months of July, August and September, 1916. 

HISTORY OF CASE 

History. — Anthony W., man, aged 59, single, born in Ireland, was admitted 
to the Sage Metabolism Ward in Bellevue Hospital April 18, 1916 (chronic 
lymphatic leukemia). He had been in America since 1898. 

Family History. — Gout on both sides of the family; otherwise negative. 

Past History. — At the age of 7 he had diphtheria and scarlet fever, which 
were followed by “dropsy.” At 10 years he had typhoid fever. Between the 
ages of 18 and 25 he had rather severe attacks of migraine. When 33 years 
old he had pains in the left great toe which, he was told, were due to gout. 
Four years later he had an attack of sciatica which lasted for six months. ' 

Present History. — Symptoms referable to the present trouble had existed 
for thirteen months before his admission to Bellevue Hospital (March, 1915), 
when he began to have intermittent attacks of severe pain in the left lower 
part of the abdomen. The pain was definitely localized above the crest of 
the ilium and in the groin. It radiated occasionally to the back and left arm. 
In October, 1915, he began to notice shortness of breath on slight exertion, 
with a slight orthopnea at night. In December, 1915, he first noticed a firm 
mass in the left upper quadrant. About the same time he began to have severe 
cramp-like contractions in the leg muscles as far as the thigh and in the 
muscles of the hands. They came frequently during the day, lasted two to 
three minutes, and were relieved by exercise. In the previous thirteen months 
he had lost about SO pounds. His appetite and digestion had been goods He 
had been constipated and had had a moderate nocturia. 

Physical Examination. — A well developed, but poorly nourished man, lyipg 
comfortably in bed. His skin, sclerae and mucous membranes are pale. The 
lower teeth show moderate pyorrhea. The thyroid is not enlarged. The heart 
is enlarged; the borders percuss 15 cm. to the left and 4 cm. to the right of 
the midsternal line. At the apex and along the sternal margin there is a 
rough systolic murmur, loudest and roughest in the third left interspace. The 
lungs are normal. 

The spleen can be felt as a definitely outlined, firm mass, dull to percussion, 
filling the entire left, upper quadrant, and causing a marked bulging in the 
left flank. Its greatest length is 33.5 cm.; greatest width 18.5 cm. It extends 
from 2 cm. to the right of the midsternal line deep into the flank, from 
11 cm. above the costal margin to 4 cm. below the umbilical line. In the 
median line, near the costal margin, are left two definite notches. The 
liver dulness extends from the fifth rib to the costal margin. There are a 
few pea-sized, soft glands posterior to the left sternomastoid muscle. There 


38. Benedict, S. R., and Hitchcock, E. H. : On the Calorimetric Estimation 
of Uric Acid in Urine, Jour. Biol. Chem., 1915, 20, 619. Benedict, S. R. : On 
the Calorimetric Determination of Uric Acid in Blood, ibid., 1915, 20, 629. 
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liver edge is palpable^ 1.5 cm. below the costal margin. There are palpable 
almond-sized lymph nodes in the neck on either side, in axillae and groins.. 

There is erythema and desquamation of the skin over the left chest in the 
axillary line due to the Roentgen ray. There are several very tender areas 
over the spleen. 

July 18. Admitted to St. Luke’s Hospital for radium treatment. In apply- 
ing radium the splenic region was divided into four equal parts and each part 
was subjected to a two-hour application of radium, making each period eight 
hours in all. 



July 25. Radium applied.. 

August 10. Radium applied. 

August 17. Radium applied. 

' August 26. Radium applied. 

August 30. Discharged from hospital. 

September 9. Radium applied. 
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— Calorimeter Observations 
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— Clinical Data 
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does not in the least disprove Grafe’s theory, for it is rather the rate 
of production of white cells and not their total number that is the 
determining factor. Further work on the metabolism of leukocytes 
could be done to advantage. 

Let us now consider what effect the Roentgen rays had on the 
metabolism. Unfortunately, in this connection we have observations 
on the basal metabolism only. The data on the nitrogen metabolism 



Fig. 3. — Chart showing the basal metabolism, shaded columns, and the leu- 
kocyte count, black dots and lines. The hollow rectangles at the top indicate 
Roentgen treatments, and the black ones radium treatments. The perpendicular 
rulings indicate periods of one week. The upper broken line represents the 
average basal metabolism for men from 50 to 60 years of age; the lower, the 
normal leukocyte count. 

were obtained only while the patient was in the Sage metabolism ward, 
so that all the figures given in Table 3 were obtained before the irradi- 
ation was begun. 

In Figure 3 the leukocyte count and the basal metabolism are com- 
pared. It will be seen that both of. these were falling before the 
irradiation was begun. A slight fall in the basal metabolism occurred 
five days after the beginning of irradiation but was no greater than 
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SUMMARY AND CONCLUSIONS 

A man with chronic lymphatic leukemia was studied live times iii 
the respiration calorimeter. When first observed his metabolism was 
44 per cent, above the average normal, falling a little with rest in bed. 
intensive treatment with Roentgen rays caused a drop in the leukocyte 
count but did not appreciably affect the level of his metabolism. The 
water elimination through skin and respiratory passages was unusually 
high. Direct and indirect calorimetry gave total results which were 
almost identical, and no abnormal respiratory quotients were found. 

After treatment with radium, a further and very marked fall 
occurred in the leukocyte count and, at the same time, a slight fall 
occurred in the basal metabolism. 40 

477 First Avenue. 

40. The writers wish to thank Dr. Alexander Lambert for his courtesy in 
transferring the patient to the metabolism ward; Dr. Montgomery and Dr. 
Witherbee of the Rockefeller Hospital for the data of Roentgen-ray treat- 
ments; and Dr. Karl M. Vogel of St. Luke’s Hospital for the data of radium 
treatments. 
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clinical calorimetry, 2 and, unless otherwise stated, were all basal obser- 
vations ; that is, they were made at least fifteen to eighteen hours after 
the last ingestion of food. Good alcohol check observations, made just 
before and after the observations on Cyril K., and at about the same 
time as the studies of the other two cases reported, assured the 
accuracy of the findings. The calculations involved in the determina- 
tion of the protein respiratory quotient, complicated by glucose excre- 
tion from protein, were thoroughly discussed in Paper 17 of this 
series. 3 4 

Urine : The urinary examinations were made for total nitrogen by 
the Kjeldahl method; for ammonia, by the Folin method; for urinary 
sugar, by the Benedict method; for acetone bodies, by Shaffer’s 
method; beta-oxybutyric acid, by Shaffer’s method; sodium chlorid, 
by the Volhardt method. 

Blood: Blood sugar was determined by the method of Lewis and 
Benedict; nonprotein nitrogen, by Bock and Benedict’s modification of 
Folin’s method; urea, by the method of Van Slyke and Cullen; blood 
fat, by Bloor’s method. The carbon dioxid combining power of the 
plasma was determined by the method of Van Slyke; alveolar air 
determinations were made by the Plesch-Higgins method. 

The dextrose to nitrogen ratios are calculated as follows: The 
carbohydrate value in the food ingested is subtracted from the total 
glucose found in the urine. The remaining glucose excretion, divided 
by the total nitrogen excreted during the same period, gives the 
dextrose to nitrogen value. Its usual maximum value, as first shown 
by Mandel and Lusk, 1 is 3.65. 


ROUTINE 

The two male patients were kept in the Sage metabolism ward at 
Bellevue Hospital under the routine observation described in Paper 3 
of this series. 5 

The one female patient was left in the open ward for one day under 
constant observation of the metabolism nurses. Every attempt was 


2. Riche, J. A., and Soderstrom, G. F. : Clinical Calorimetry, Papers 2, 3 
and 4, The Respiration Calorimeter of the Russell Sage Institute of Pathology 
in Bellevue Hospital; Gephart, F. C., and Du Bois, E. F. : The Organization 
of a Small Metabolism Ward; The Determination of the Basal Metabolism of 
Normal Men and the Effect of Food, The Archives Ixt. Med., 1915, 15, 
805-867. 

3. Allen, F. M., and Du Bois, E. F. : Loc. cit., Note 1, p. 1018. 

4. Mandel, A. R., and Lusk, G.: Stoffwechselbeobachtungcn an einetn Falle 
von Diabetes mellitus, mit besonderer Berucksichtigung der Prognose, Deutsch. 
Arch. f. klin. Med., 1904, 81, 472. 

5. Gephart, F. C.. and Du Bois, E. F.: Clinical Calorimetry, Paper 3, The 
Organization of a Small Metabolism Ward, The Ahchi\£.s I.%t. Med., 131a, 
15, 829. 
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TABLE 2. — Leukemia. Data of — 


Subject, 

Date, 
Weight. 
Surface Area, 
Linear Formula j 

Period 

End 

I of 
| Period 

Carbon 

Dioxid, 

Gm. 

Oxygen, 

Gm. 

R. Q. 
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Urine N 
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Indirect 
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rimetry, 

Cal. 
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Elimi- 

nated, 

Cal. 
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! 
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1 

i 1:00 
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j 57.6 

0.311 

113.6 

115.4 

1.36 Sq. H. 

2 

1 
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33.5 

0.75 
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• 0.311 
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Aver. 
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11:41 




1 




5/ 1/16 

78.8 Kg. 

1 ' 
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27.6 
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39.1 
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40.1 

36.2 
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0.79 
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TABLE 3.— Leukemia — 


i 

Name and 

Date 


Food 


Food N., 

Gm. 

Urine N., 

Gm. 

1 Total 

1 Calories 

j 

j 

Calories I 
per Kg. 

Carbohy* ] 
drate, Gm. 

Fat, 

Gm. 

Anthony W. 
4/19/16 

1,899 

« 

25 

IU j 

no ! 

11.0 

10.2 

4/20/16 

CJl 

00 

33 

212 

138 

14.9 


4/21/16 

2,459 

32 

215 

132 

13.7 


4/22/16 

2,611 

34 

214 

144 

' 15.2 

10.4 

4/23/16 

2,524 

33 

196 

142 

15.5 

10.9 

4/24/16 

2,276 

.. 

175 

128 

14.2 

12.0 

5/ 1/16 

2,037 

•• 

160 

113 

12.9 

10.2 


Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen. 




















GEPHART-AUB, ET AL.— METABOLISM IN DIABETES 911 

. II- The nitrogen excretion in the urine (0.39 gm. per hour) is the 
quantity commonly found in normal people. The total metabolism, 
however, is so low that the percentage of calories from protein is quite 
high, 35 per cent. (15 per cent, being the average normal). 

III. The respiratory quotients average 0.82, a normal figure. From 
this, one may calculate that fat gives 39 per cent, of the calories of 
metabolism and carbohydrate 26 per cent. This corresponds to the 
utilization of 44 gm. of carbohydrate daily, and, since none was given 
in the food, these results are difficult to interpret. 

Case 2 (Table 1). — History. — The case of Joseph D. is unusual because of 
the sudden change from a rather mild diabetes to one of the greatest severity, 
followed by rapid recovery of sugar tolerance. 

Joseph D., aged 33, single, born in Russia. Occupation, carpenter. Admitted 
to Bellevue. Hospital Nov. 9, 1915; discharged Nov. 29, 1915. 

The patient was always well until six years prior to admission, when he 
had a chancre. He took four to five glasses of beer a day and sometimes 
smoked thirty or forty cigarets a day. His weight three years prior to admis- 
sion was 89.1 kg.; now it is 56,8 kg. 

Three years prior to admission, without known cause, he became very thirsty, 
hungry and weak. Two years previously sugar was found in the urine. He 
was given a diet with carbohydrate much reduced in quantity, and also sodium 
bicarbonate. His urine remained free from sugar for over a year, when lie 
gave up dieting and glycosuria recurred. Then his former symptoms returned ; 
his eyesight had been rapidly failing, so that he had difficulty in reading. For 
the previous three months he had been at Gouverneur, Bellevue and City Hos- 
pitals. He felt well save for weakness and hunger. 

Physical Examination. — Emaciated, poorly developed, hollow chested man; 
face flushed and slightly cyanotic; breath smelled of acetone; tongue deep red 
and papillae prominent; throat and tonsils deep red and glazed. There was 
marked clubbing of fingers. 

Lungs : Percussion showed dulness at both apices, particularly behind, with 
narrowing of both apical isthmuses ; the breath sounds here were rather sharp 
and high pitched'; voice sounds slightly nasal and tactile fremitus diminished; no 
rales heard. 

Reflexes: Neither knee jerks nor ankle jerks could be obtained. 

Extremities: From the knee down there was dulling of sensation for touch, 
poor differentiation of sharp and dull pressure, and of heat and cold. 1 Ins 
was most marked on the inner side of the lower legs. 

Wassermann reaction positive. 

Blood pressure: systolic, 90 mm.; diastolic, 75 mm. 

When transferred to Bellevue Hospital the patient was placed in tne metab- 
olism ward. Here his diet was changed from a very liberal allowance to one 
containing only 1,500 calories, with 40 to 50 gm. of carbohydrate and 15 gm. 
of nitrogen. With this intake his sugar excretion fell in five days from 72 gm. 
a day to 22 gm., and the morning urine of the sixth day (November 15) wa-> 
free from sugar. This led us to believe that the case was comparatively mild, 
and our opinion was checked by a calorimeter observation. The respirator, 
quotient was 0.79, a normal value, indicating carbohydrate oxidation. 

The patient complained bitterly of low calorie diets, so it was decided t-> 
give large quantities of meat and fat. After the calorimeter observation or. 
November 15 he was therefore given a diet containing 3,000 calories, with 25 gm. 
of protein nitrogen and only 3 gm. of carbohydrate. The diet pleaded the 
patient, but in the following fifteen hours, with 3 gm. carbohydrate in t:u- 
food, he excreted 25.8 gm. of glucose and 14.9 gm. of nitrogen. The D: X ratio 
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in the Fourteenth Paper of this series, there are a number of mani- 
festations — the profuse sweating, the hot, flushed skin, the tachycardia, 
etc. — which are probably due to the high metabolism. Practically all 
such signs were lacking in this leukemic. His skin was not hot or 
flushed ; he had no tachycardia ; he may possibly have had a tendency 
to sweat rather more easily than a normal individual. Moreover, 
there was no nervous element. He was perfectly placid, was rather 
interested in the experiments, was not in the least worried by being 
placed in the calorimeter, and was fairly quiet in all the observations. 
Nevertheless, he had a very high metabolism. The results of the 
calorimeter experiments are collected in Table 2. 

This ^increased metabolism was apparently not due to increased 
combustion of body protein, for the patient was in nitrogen equilibrium 
on a nitrogenous intake of 13 to 15 gm. per day, and, moreover, he 
was maintaining his weight on an intake of 2,400 calories. The figures 
for food and urine analysis are given in Table 3. 

An inspection of the respiratory quotients shows them to be rather 
lower than those of normal individuals who have fasted sixteen hours, 
but no lower than those of many patients with Graves’ disease 39 with 
a similar increase in metabolism. These low quotients are probably 
due, as in Graves’ disease, to the more rapid consumption of the gly- 
cogen store because of the high metabolism. 

As to what causes the increased metabolism in leukemia we can not 
venture an opinion. Grafe thought it was the result of the very active 
metabolism of young white cells. His experiments on the metabolism 
of blood do show an increased oxygen consumption in leukemic blood, 
but he could account for only about 10 per cent, of the total oxygen 
consumption as being due to leukocytes. Just how he could explain 
a rise of 40 or 60 per cent, in the basal metabolism on that ground, we 
do not quite understand. 

Grafe’s supposition that the high metabolism resulted from the 
leukocytes, led us to plot the heat production and leukocyte counts of 
our patient and then, from the literature given in Table 1, to see 
whether there was any relation between the leukocyte count and the 
level of the metabolism. Among different cases there was no such 
relation, but in individual cases there was evidence of a certain 
parallelism. As the leukocyte count fell, the metabolism did likewise, 
and vice versa. But the fall in leukocytes is always very much greater 
than that in the metabolism. This statement applies to Grafe’s cases 
T. S. and C. L., and also possibly to a slight extent to our case, as may 
be seen by consulting Figure 3. Of course, the lack of relationship 
between metabolism increase and leukocyte count in different cases 

39. Du Bois, E. F. : Metabolism in Exophthalmic Goiter, The Archives Int. 

* Med., 1916, 17 , 915. 
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made to have all diets administered as accurately as possible, and com- 
posed of simple foodstuffs of known composition. The careful collec- 
tion of urinary samples, by separate bottles for each voiding, has been 
described. 

REPORT OF CASES 

Case 1. — History . — Anna H., aged 31, married, born in United States. Occu- 
pation, telephone operator. Weight 32.5 kg.; height 169 cm. 

The patient was transferred for one daj r to Bellevue from the Rockefeller 
Hospital, where she had been under the care of Dr. Fitz. ‘ 

Family history and physical history were not remarkable. 

She was married three and a half years prior to admission; she had had 
two miscarriages; health was good until June, 1915. She weighed at that 
time 145 pounds (66 kg.) with her clothes ; then marked polydipsia and polyuria 
developed, with loss of weight and strength. July 4, 1915, sugar was found in 
her urine. August 5, a fast of three days made her sugar-free but in Sep- 
tember she again had glycosuria. 

October 16 she entered the Rockefeller Hospital and remained there five 
months. She weighed on entrance 49 kg. After fasting six days she became 
sugar-free, but in order to keep her so she was given a very low diet. For 
the two months previous to this observation her average total intake was 
570 calories a day, made up of whisky (70 to 150 c.c.) and an average of 
26 gin. of protein, 17 gm. of fat, and no carbohydrate. This food was taken 
mostly in the form of eggs. The day previous to the calorimeter determination 
she received whisky, 30 c.c.; protein, 30.9 gm. ; fat, 23.4 gm. ; carbohydrate, 

2.5 gm., containing in all 458 calories. 

The physical examination was, negative save for extreme emaciation. Knee 
jerks were not .obtained. 

She went into the calorimeter March 31, 1916. During the next few months 
her tolerance remained low, she lost weight steadily and died July 18, 1916. 
Permission for necropsy was refused. 

Summary . — A case of diabetes of nine months’ duration in a young 
woman. Her sugar tolerance is very low. She can take two to six 
eggs a day and 100 c.c. of whiskey and remain sugar-free, but if more 
food is given, sugar appears in the urine. For five months she has 
been on a very low calory diet at the Rockefeller Hospital (see the fore- 
going) and her urine has been free from sugar. 

I. Her total metabolism is the lowest recorded in the literature, 
being only 23.2 calories per square meter per hour, which is 37 per cent, 
below the average basal normal in women. Since her original weight 
with clothes had been 66 kg., one may be permitted to assume a weight 
of 62 kg. without clothes. Had her metabolism been normal for this 
weight, it would have been 63.3 calories per hour instead of 29.4 
calories, which were actually measured when her weight had fallen to 

32.5 kg. The extreme emaciation which had resulted in a reduction of 
body weight to nearly half of what it was originally, reduced the metab- 
olism so low that only 40 per cent, of the original heat production was 
necessary for life. This reduction in metabolism is one of the theo- 
retical benefits of the Allen fasting treatment. 
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had previously occurred spontaneously, and after twenty-three days, 
during which ten treatments were given, it had shown no further 
decrease. The Roentgen ray had no appreciable effect on the basal 
metabolism in this case. From the appearance of the leukocyte curve 
it looks as though a drop had been caused in the first few days. Pro- 
longed treatment, moreover, entirely failed to produce an aleukemic, 
blood picture. 

The effect of the radium treatment at St. Luke’s Hospital is rather 
more striking. The leukocyte curve shows a much more consistent 
fall after the radium exposures than after the Roentgen therapy. With 
this drop in the leukocytes the basal metabolism fell to 47.7 calories 
per square meter per hour, which is 36 per cent, above the normal 
average for men of the patient’s age. 

The results obtained on Anthony W. have recently been confirmed 
by, a patient with myelogenous leukemia studied in the Massachusetts' 
General Hospital in the service of Dr. Edsall. A preliminary report 
of the findings is given below. The basal metabolism was determined 
with the small Benedict Universal Respiration Apparatus, using the 
method of indirect calorimetry. 

i 

Dr. J. G., aged 51, height 171 cm. Six months previous to examination it 
was noticed that the patient’s color was not good. For the previous six weeks 
he had suffered from weakness and lassitude. His blood picture was that of 
myelogenous leukemia and the spleen was enormously enlarged. 

November 9 he felt much better. The size of the spleen was unchanged. 


TABLE 4. — Clinical Data in Case of Dr. J. G. 


Date 

Weight, Kg. 

Leukocytes 

i 

Basal Metabolism 
Cals, per Sq. M. per Hr. 
(Linear Formula') 

• 

10/12/16 

83.0 

236,000 

65.3 

10/16/16 

Radium treatment ; 



10/17/16 

83.0 

240,000 

60.7 

11/ 9/16 

81.5 

73,000 ! 

l 

51.0 


DIRECT AND INDIRECT CALORIMETRY 

The agreement between the two independent methods of direct and 
indirect calorimetry in the case of Anthony W. is unusually close. The 
figure for total calories as measured by the former method is 1,054.0; 
by the latter method, 1,049.4. This indicates that there is no profound 
and unsuspected abnormality in the intermediary metabolism. 

The water elimination was unusually high, 53 gm. an hour. He 
lost on an average of 29.5 per cent, of his calories in the vaporization 
of water under the atmospheric conditions in which normal men lose 
only 24.1 per cent, in this manner. 
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TABLE 1. — Showing Sudden Change— 


Name 

and 

Bate 



Pood 


Food 

N., 

Gm. 

Urine 

N., 

Gm. 

Excreta 

N.,i 

Gm. 

Nitrogen 

Balance, 

Gm. 

* 



EE5SI 


Max. 

Min. 

Total 

Calories 

Pat, 

Gm. 

Joseph D. 
11/10/16 

99.2 

98.8 

1,521 

48 

104 

14.0 

14.6 

16.0 

-2.0 

11/11/16 

9S.6 

97.8 

1,495 

42 

102 

14.6 

16.8 

18.3 

-3.7 

11/12/16 

98.8 

97.0 

1,576 

' 41 

102 

15.0 

17.8. 

19.3 

—4.3 

11/13/16 

98.8 

97.6 

1,724 

41 

104 

14.8 

16.8 

18.3 

—3.5 

11/14/16 

98.4 

98.0 

1,580 

37 

97 

13.3 

15.9 

17.2 

—3.9 

11/15/16 

98.8 

9S.0 

3,067 

3 

261 

24.6 

17.9 

20.4 

+4.4 

11/16/16 

99.6 

98.4 

3,135 

3 

266 

25.2 

22,8 

25.3 

- 0.1 

11/17/16 

100.4 

98.8 

1,849 

2 

133 

12.7 

12.3 2 

13.6 

- 0.8 

11/18/16 

99.8 

99.6 

558 

? 

7 

0.5 

30.0* 

10.1 

— 9.6 

11/19/16 

98.8 

98.0 

567 

3 2 

17 

4.8 

9.65 

10.1 

— 5.3 

11/20/16 

98.8 

98.8 

674 

2 

17 

3.7 

8.58 

8.9 

— 5.2 

11/21/16 

98.0 

97.8 

1,091 

2 

57 

4.5 

11.2 

11.7 

— 7.1 

11/22/16 

98.2 

97.0 

1,318 

2 

76 

6.3 

11.9 

12.5 

— 6.2 

11/23/16 

97.0 

97.0 

1,527 

25 

85 

7.8 

11.57 

12.3 

—4.5 

11/24/16 

98.0 

97.8 

1,615 

38 

88 

9.5 

12.18 

13.1 

— 3,6 

11/25/16 

99.2 

97.4 

2,120 

50 

132 

12.6 

12.3 9 

13.6 

— 1.0 

11/26/16 

99.2 

98.4 

2,059 

70 

122 

12.5 

IO.610 

11.9 

+ 0.7 

11/27/16 

99.0 

98.0 

753 

22 

27 

3.9 

6.911 

KB 


11/28/16 

9S.8 

98.0 

2,095 

56 

124 

12.3 

8.8 

10.0 

+2.3 


1. Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen. 

2. Bread crumbs found in bed. 

3. 16 hours 55 minutes. 5. 25 hours. 

4. 29 hours S5 minutes. 6. 24 hours 30 minutes. 

was 1.53. The next day, November 16, the patient felt very well and was 
allowed to sit in a chair. The diet was continued. The urine of this day 
showed 90.6 gm. of glucose and a complete D : N ratio, 3.84. 

November 17 the diet was reduced to 1,850 calories containing 12.7 gm. of 
nitrogen and but 2 gm. of carbohydrate. Even with this diet the patient 
excreted 40.4 gm. of glucose and had a D : N ratio of 3.09. During the day 
the patient had abdominal pain and marked diarrhea, with mucus and some 
blood. Toward evening he complained of pain in the left jaw. Six hours 
after his last meal, which contained 65 gm. of fat and 7 gm. of protein nitrogen, 
a calorimeter observation was made and the respiratory quotient was found 
to be 0.714. This value is low, and the calculations show that he was oxidizing 
almost no carbohydrate. The D : N ratio of 2.53 confirmed the low respiratory 
quotient. 

November 18 the patient was given a very low diet, only 550 calories, 
mostly in the form of alcohol, with less than 1 gm. of carbohydrate or protein. 
However, he managed to steal a slice of bread, so that an accurate D : N ratio 
for the day cannot be given. If one approximately estimates the weight of 
a slice of bread to be 40 gm., however, the D : N ratio would have been about 2. 

A large alveolar abscess was discovered and opened and 2 or 3 c.c. of pus 
pressed out. The diarrhea stopped and the patient felt well and hungry. 












CLINICAL CALORIMETRY 


TWENTY-FOURTH PAPER 

METABOLISM IN THREE UNUSUAL CASES OF DIABETES * 

F. C. GEPHART, Ph.D., J. C. AUB, M.D., 

E. F. DU BOIS, M.D., and GRAHAM LUSK, Sc.D. 

WITH THE TECHNICAL ASSISTANCE OF G. F. SODERSTROM 
NEW YORK 

The treatment of diabetes by the method of prolonged fasting has 
been conspicuously successful in recent years. The present paper deals 
with the measurement of the respiratory exchange and the total heat 
production of three patients, and supplements Paper 17 of this series 
by Allen and Du Bois, 1 which contains a review of the literature. 

The patients were : 

1. A diabetic woman who had been fasted to a state of emaciation, 
and who had a low tolerance for carbohydrate. 

2. A diabetic man who had had the disease in a mild form, who 
showed a tolerance for 40 gm. of carbohydrate, but who was made 
completely diabetic (D: N ==3.84) on the second day after the admin- 
istration of a diet containing considerable quantities of protein and fat. 
Subsequently, virtual starvation led within sixty hours to the disappear- 
ance of the sugar from the urine. 

3. A diabetic man who at first manifested resistance to the influence 
of fasting, whose metabolism indicated complete diabetes, in that he 
had a D : N ratio of 3.97 when given meat and fat, and also eliminated 
that quantity of beta-oxybutyric acid theoretically derivable from the 
fat metabolism of the time. This patient subsequently developed a 
tolerance for 250 gm. of carbohydrate. 

METHODS 

The methods and calculations used in these observations were the 
same as those in the cases previously reported from this laboratory by 
Allen and Du Bois. The respiratory quotients and total metabolism 
were determined by the method described in the previous papers on 

* Submitted for publication Feb. 14, 1917. 

* From the Russell Sage Institute of Pathology, in affiliation with the Second 
Medical Division, Bellevue Hospital. 

1. Allen, F. M., and Du Bois, E. F. : Metabolism and Treatment in Diabetes, 
The Archives Int. Med., 1916, 17, 1010. 
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taining 40 gm. of carbohydrate, but the diet high in meat and fat, and 
alveolar abscess with the diarrhea, were sufficient to make him a com- 
plete diabetic ; that is, with the theoretical D : N ratio continuing for 
one day. This is shown in Table 2. 

TABLE 2. — Illustrating Rapid Change in Carbohydrate Tolerance 

Joseph D., a diabetic whose urine was free from sugar, became completely 
diabetic (D : N — 3.84) sixteen hours after the ingestion of meat and fat in 
large quantity, and. on reducing the diet, became free from sugar in about 
sixty hours. 


Date 

Day 

] 

Diet 

Nitrogen 

in 

Urine 

per 

Hour 

i 

D:N 

B. Q. 

Calories 

per 

Sq. M. 

per 

Hour 

Variation 

from 

Normal 

in 

Per Cent. 

1915 

11/15 

1 

Basal, then high protein... 

i 

0.385 

.... 

0.79 

37.9 

— 5 

11/10 

11/17 

0 

High protein 


3.84 




3 

Less protein 

i 

0.35G 

’ 

2.53 

0.714 

50.7* 

+28* 

11/18 

i 

F asting and stolen bread j 






11/19 

5 

Pasting and stolen bread.. 1 

0.330 

0.0 

0.78 

38.6 

— 3 


* Bestless during: both hours while in the calorimeter. Had pain during the last hour 
and asked to he taken out. 


Accompanying this absolute inability to metabolize glucose, there 
developed at the same time some inability to metabolize fat to its 
normal end-products. Unfortunately, the only figures we have to 
report are the values of urinary ammonia and of acetone and diacetic 
acid excretion. The ammonia values suggest that the formation of 
acetone bodies was only in moderate quantity. 

When the complicating factors were eliminated, the patient rapidly 
improved and again tolerated a mixed diet of 2,000 calories, containing 
50 gm. of carbohydrate. 

While the D: N ratio may be altered by the ingestion of carbohy- 
drate food, the respiratory quotient quickly reveals if carbohydrate is 
being metabolized. The validity of the urinary D:N — 2.53 on 
November 17 is checked excellently by the calorimeter observations of 
the same date which showed a very marked drop in- the respiratory, 
quotient to 0.714, indicating that very little glucose was being oxidized. 
Hence, on this day no carbohydrate could have been surreptitiously 
taken by the patient. 

The patient was restless while in the calorimeter on the day of 
diabetes, so that the increase of 28 per cent, in his metabolism is not 
to be accepted without qualification. The hourly urinary nitrogen was 
the same during all three calorimeter periods. It is possible that the 
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made to have all diets administered as accurately as possible, and com- 
posed of simple foodstuffs of known composition. The careful collec- 
tion of urinary samples, by separate bottles for each voiding, has been 
described. 

REPORT OF CASES 

Case 1. — History . — Anna H., aged 31, married, b^rn in United States. Occu- 
pation, telephone operator. Weight 32.5 kg.; height 169 cm. 

The patient was transferred for one day to Bellevue from the Rockefeller 
Hospital, where she had been under the care of Dr. Fitz. 

Family history and physical history were not remarkable. 

She was married three and a half years prior to admission ; she had had 
two miscarriages; health was good until June, 1915. She weighed at that 
time 145 pounds (66 kg.) with her clothes; then marked polydipsia and polyuria 
developed, with loss of weight and strength. July 4, 1915, sugar was found in 
her urine. August 5, a fast of three days made her sugar-free blit in Sep- 
tember she again had glycosuria. 

October 16 she entered the Rockefeller Hospital and remained there five 
months. She weighed on entrance 49 kg. After fasting six days she became 
sugar-free, but in order to keep her so she was given a very low diet. For 
the two months previous to this observation her average total intake was 
570 calories a day, made up of whisky (70 to 150 c.c.) and an average of 
26 gm. of protein, 17 gm. of fat, and no carbohydrate. This food was taken 
mostly in the form of eggs. The day previous to the calorimeter determination 
she received whisky, 30 c.c.; protein, 30.9 gm.; fat, 23.4 gm. ; carbohydrate, 

2.5 gm., containing in all 458 calories. 

The physical examination was, negative save for extreme emaciation. Knee 
jerks were not .obtained. 

She went into the calorimeter March 31, 1916. During the next few months 
her tolerance remained low, she lost weight steadily and died July 18, 1916. 
Permission for necropsy was refused. 

Summary . — A case of diabetes of nine months 5 duration in a young 
woman. Her sugar tolerance is very low. She can take two to six 
eggs a day and 100 c.c. of whiskey and remain sugar-free, but if more 
food is given, sugar appears in the urine. For five months she has 
been on a very low calory diet at the Rockefeller Hospital (see the fore- 
going) and her urine has been free from sugar. 

I. Her total metabolism is the lowest recorded in the literature, 
being only 23.2 calories per square meter per hour, which is 37 per cent, 
below the average basal normal in women. Since her original weight 
with clothes had been 66 kg., one may be permitted to assume a weight 
of 62 kg. without clothes. Had her metabolism been normal for this 
weight, it would have been 63.3 calories per hour instead of 29.4 
calories, which were actually measured when her weight had fallen to 

32.5 kg. The extreme emaciation which had resulted in a reduction of 
body weight to nearly half of what it was originally, reduced the metab- 
olism so low that only 40 per- cent, of the original heat production was 
necessary for life. This reduction in metabolism is one of the theo- 
retical benefits of the Allen fasting treatment. 
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TABLE 3. — Clinical Data in— 


Name 

and 

Date 

Body 

Weight, 

, Kg. 

Total 

Calo- 

ries 

Calo- 
ries per 
Kgr. 

Eood 

Pood 
N, | 
Gm. 

i 

Fluid 

Intake, 

C.c. 

i 

NaCl 

Intake, 

Gm. 

Sodium 

Bicarb., 

Gm. 

Chalk, 

Gm. 

Temperature 

Carbo- 

hyd., 

Gm. 

Pat, 

Gm. 

Max. Min. 

Cyril K. 





• 







12/14/15 

.... 

936 

•• 

63.0 

51.0 

9.8 

3,430 

8.00+ 

25 

15 

Normal 

12/15/15 

56.7 

934 

12 

24.0 

41.0 

19.0 

5,850 

18.00 

50 

20 

Normal 

12/16/15 

56.8 

458 

9 

0.4 

5.6 

16.2 

4,525 

19.93 

55 

20 

Normal 

12/17/15 

58.0 

191 

3 

0.4 

2.9 

6.3 

6,560 

27.29 

60 

30 

100.8 98.6 

12/18/15 

56.5 

0 

0 

Past 

day 

.... 

4,250 

10.00 

45 

20 

98.4 97.6 

12/19/15 

57.2 

0 

0 

Past 

day 

1.3 

5,550 

7.10 

55 

25 

Normal 

12/20/15 

56.9 

60 

1 

6.0 

0.3 

2.6' 

3,850 

8.60 

30 

20 

Normal 

12/21/15 

56.6 

83 

1 

6.6 

0.3 

3.2 

4,150 

12.12 

5 

5 

Normal 

12/22/15 

54.3 

108 

2 

11.4 

0.4 

3.4 

4,050 

17.19 

. . 

.. 

98.2 97.4 

12/23/15 












2/15/16 




252.0 

6.0 

9.5 






2/16/16 




270.0 

10.9 

7.0 




•• 

•• 



* Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen, 
t Thirteen hours and forty-flve minutes. 

t Nonprotein nitrogen, 24.7 mg.; blood urea, 9.1 mg.; blood fat, 0.49 per cent. 


A 


TABLE 4.— 


Subject 

Age 

Date 

Height, 

Cm. 

Weight, 

■ Eg. 

Surface 

Area, 

Linear 

Total 
Calories 
per Hour 

Calories 
per Sq. M. 
per Hour 

Case 3 (Cyril K.).... 

19 

12/15/15 

187 

56.7 

1.79 

81.9 

45.7 



12/16/15 

. . ■ 

56.8 

■1.79 

76.4 

42.6 



12/18/15 

MHj 

56.5 

1.79 

73.2 

40.8 



12/20/15 

JKH 

56.9 

1.79 

66.3 

37.0 



12/22/15 

1 ' I 

54.3 

1.75 ■ 

62.8 

35.9 



2/16/16 


45.8 

1.66 

43.0 

25.9 



3/ 8/16 

189 

48.3 

1.72 

50.0 

29.1 

Oase 2 (Joseph D.) 

33 

11/15/15 

170 

45.5 

1.48 

66.1 

37.9 



11/17/15 

... 

44.4 

1.47 

74.5 

50.7 



11/19/15 

... 

45.6 

1.48 

57.1 

38.6 

Oasel (Anna H.)... 

31 

3/31/16 

169 

32.5 

1.27 

29.5 

23.2 


D:N during calorimeter period. 
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. II. The nitrogen excretion in the urine (0.39 gm. per hour) is the 
quantity commonly found in normal people. The total metabolism, 
however, is so low that the percentage of calories from protein is quite 
high, 35 per cent. (15 per cent, being the average normal). 

III. The respiratory quotients average 0.82, a normal figure. From 
this, one may calculate that fat gives 39 per cent, of the calories of 
metabolism and carbohydrate 26 per cent. This corresponds to the 
utilization of 44 gm. of carbohydrate daily, and, since none was given 
in the food, these results are difficult to interpret. 

Case 2 (Table 1). — History . — The case of Joseph D. is unusual because of 
the sudden change from a rather mild diabetes to one of the greatest severity, 
followed by rapid recovery of sugar tolerance. 

Joseph D., aged 33, single, born in Russia. Occupation, carpenter. Admitted 
to Bellevue Hospital Nov. 9, 1915; discharged Nov. 29, 1915. 

The patient was always well until six years prior to admission, when he 
had a chancre. He took four to five glasses of beer a day and sometimes 
smoked thirty or forty cigarets a day. His weight three years prior to admis- 
sion was 89.1 kg.; now it is 56.8 kg. 

Three years prior to admission, without known cause, he became very thirsty, 
hungry and weak. Two years previously sugar was found in the urine. He 
was given a diet with carbohydrate much reduced in quantity, and also sodium 
bicarbonate. His urine remained free from sugar for over a year, when he 
gave up dieting and glycosuria recurred. Then his former symptoms returned; 
his eyesight had been rapidly failing, so that he had difficulty in reading. For 
the previous three months he had been at Gouverneur, Bellevue and City Hos- 
pitals. He felt well save for weakness and hunger. 

Physical Examination . — Emaciated, poorly developed, hollcrw chested man; 
face flushed and slightly cyanotic; breath smelled of acetone; tongue deep red 
and papillae prominent; throat and tonsils deep red and glazed. There was 
marked clubbing of fingers. 

Lungs: Percussion showed dulness at both apices, particularly behind, with 
narrowing of both apical isthmuses ; the breath sounds here were rather sharp 
and high pitched'; voice sounds slightly nasal and tactile fremitus diminished; no 
rales heard. 

Reflexes: Neither knee jerks nor ankle jerks could be obtained. 

Extremities: From the knee down there was dulling of sensation for touch, 
poor differentiation of sharp and dull pressure, and of heat and cold. This 
was most marked on the inner side of the lower legs. 

Wassermann reaction positive. 

Blood pressure: systolic, 90 mm.; diastolic, 75 mm. 

When transferred to Bellevue Hospital the patient was placed in the metab- 
olism ward. Here his diet was changed from a very liberal allowance to one 
containing only 1,500 calories, with 40 to 50 gm. of carbohydrate and 15 gm. 
of nitrogen. With this intake his sugar excretion fell in five days from 72 gm. 
a day to 22 gm., and the morning urine of the sixth day (November 15) was 
free from sugar. This led us to believe that the case was comparatively mild, 
and our opinion was checked by a calorimeter observation. The respiratorj 
quotient was 0.79, a normal value, indicating carbohydrate oxidation. _ 

The patient complained bitterly of low calorie diets, so it was decided to 
give large quantities of meat and fat. _ After the calorimeter observation on 
November 15 he was therefore given a diet containing 3,000 calories, with 25 gm. 
of protein nitrogen and only 3 gm. of carbohydrate. The diet pleased the 
patient but in the following fifteen hours, with 3 gm. carbohydrate in the 
food he excreted 25.8 gm. of glucose and 14.9 gm. of nitrogen. The D : N ratio 



TABLE S. — Data of Calorimeter — 


Subject, 










Date, 

Weight. 


End 

Carbon 




Urine N 

Indirect 

Heat 

Period 

ol 

Dioxid, 

Oxygen, 

R. Q 

Water, 

per 

Calo- 

Elimi- 

Surface Area, 


Period 

Gm. 

Gm. 


Gm. 

Hour, 

rimetry, 

natcd. 

Linear Formula 







Gm. 

Cal. 

Cal. 

Case 2 (Joseph D.) 

Prelim. 

11:39 a.m. 









11/15/15 

45.5 Kg. 

1 

12:39 

18.2 

17.3 

0.763 

28.7 

0.385 

56.8 

63.4 

1.48 Sq. M. 

* i 

1:39 

18.6 

16.7 

0.812 

27.8 

0.385 

55.4 

58.0 

Joseph D 

Prelim. 1 

6:04 p.m. 








11/17/16 








44.4 Kg. 

1 j 

7:04 

22.6 

22.5 

0.730. 

24.1 

0.356 

73.6 

68.1 

1.47 Sq. M. 

i 

2 

7:56 

19.3 

20:1 

0.698 

23.7 

0.356 

65.4 

59.8 


Aver. 


.... 







Joseph D 

Prelim. 

1 

11:43 








11/19/15 








45.6 Kg. 

l 

12:43 

18.9 

17.6 

0.780 

34.5 

0.330 

58.2 

64.7 

1.48 Sq. M. 

2 

1:43 

1 

18.0 

17.0 

0.770 

34.1 

1 

0.330 

56.1 

60.2 


Aver. 


.... 





■ 


Case 3 (Cyril K.) . . 

Prelim. 

12:31 





1" 

1 

Hlfilll 

12/15/15 

56.7 Kg. 

1 

1:31 

23.3 

23.6 

0.718 

31.1 

1.34 


80.1 

1.79 Sq. M. 

2 

2:31 

25.1 

27.8 

0.656 

36.4 

1.34 


89.5 


Aver. 


.... 





81.9* 


Cyril K 

Prelim. 

12:31 








12/16/15 








5.68 Kg. 

1.79 Sq. M. 

1 

1:31 

24.1 

24.5 

0.715 

32.1 

1.44 

77.8t 

93.6 

2 

2:31 

23.3 

23.7 

0.714 

31.8 

1.44 

75.lt 

85.9 


Aver. 


.... 


| 







Cyril K 

Prelim. 

11:31 








12/18/15 








86.0 

56.5 Kg. 

1,79 Sq. M. 

1 

12:31 

22.7 

22.3 

i 

0.740 

31.9 

0.927 


81.9 

2 

1:31 

21.5 

22.6 

0.693 

28.0 

0.927 


- 

3 

2:31 

22.2 

23.5 

0.688 

29.5 

0.927 


85.1 


Aver. 


.... 


| 0.707 



1 

73.2 


Cyril K. . . 

Prelim. 

12:12 



i 





12/20/15 



0.728 


0.533 


72.5 

56.9 Kg. 

1.79 Sq. M. 

1 

1:12 

20.2 

20.2 

20.3 



! 

72.6 

2 

2:12 

20.5 

21.6 


22.3 

mam 



3 

3:12 

19.9 

19.5 

0.742 

20.6. 

0.533 



67.3 


Aver. 


.... 





66.4 



Prelim. 

1 

11:42 

12:42 








12/22/15 

54.3 Kg. 

19.7 

19.6 

0.731 

21.4 

0.60 

63.6 

64.2 

1.75 Sq. M. 

2 

1:42 

19.9 

19.5 

0.742 

21.4 

1 

0.60 

63.4 

67.2 


3 

2:42 

19.0 

,19.0 

0.729 

20.8 

0.60 

61.5 

64.5 


Aver. 


.... 

' 



' • 

62.8 



• Calculations based on assumed D:N ratio ot 3.G3. 
t Calculations based on assumed nonprotein R. Q. of 0,70. 
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— from Mild to Severe Diabetes 


Body 

Weight, 

Kg. 

■ 

■ 

Calories 

per 

Kg. 

Blood 
Pressure, 
Syst. Diast. 

Urine 

Glucose, 

Gm. 

/ 

NHaN, 

Gm, 

Alcohol, 

Oals. 

Sodium 

Bicarb., 

Gm. 

. 

D : N 
Ratio 

1 

Acetone 

plus 

Diacetic 

Acid 

45.7 

1,420 

33 


71.97 

1.205 


■ 

20 



46.3 

1,940 

33 


45.09 

0.558 

... 

20 



46.3 

2,040 

34 



37.45 

0.628 

1 

80 

15 



46.9 

3,220 

37 

1 

32.90 

0.584 

214 

15 

.... 

0.65 

47.1 

3,420 

34 


22.20 

0.579 

187 

20 

0 

0.43 

46.0 

4,040 

• • 

90-75 

25.80 

0.707 

. . . 

15 

1.27 

1.77 

45.5 

3,900 

69 

95-75 

90.57 

3.143 

... 

20 

3.84 

2.44 

44.4 

1,392 

42 

1 

40.3S 3 

2.220 s 

i 

281 

30 

; 3.09 

: 2.02 

44.0 

1,060 

13 

95-75 

41.33 1 

1.130 4 

482 

25 

2.0 (?) 

0.58 

45.6 

3,880 

12 

1 


2.74 B 

0.585 s 

j 

20 

1.1T 1 - 


44.7 

3,760 

17 

95-75 

0.00° 

0.264® 

441 

30 



.... 

3.S80 

•• 


0.00 

0.304 

441 

18 



44.5 

3,340 

29 



0.00 


441 

10 

1 


44.4 

3,400 

34 

100-80 

0.00 

. ... . 

441 

. 12 



• ••• 

3,620 

.. 


0.00 


402 


! 


43.9 

3,180 

46 


0.00 


j 361 


i 


44.7 

3,600 

42 


Trace 

..... 

321 




.... 

4,400 

.. 



SI. trace 


i 321 




.... 

2,840 

•• 


0.00 


| 401 





7. 25 hours. 

8. 23 hours 20 minutes. 

9. 23 hours .40 minutes. 


10. 24 hours 55 minutes. 

11. 23 hours 5 minutes. 

12. Eight-hour specimen. 


November 19, the respiratory quotient was again nearly normal, 0.775, and 
by noon the urine was free from sugar. 

November 23, the patient was put on a mixed diet with daily increasing 

carbohydrates. . 

November 26, with 70 gm. of carbohydrate in the food, there was a faint 
trace of glucose in the urine. 

November 27, low diet day. 

November 28, mixed diet containing 50 gni. of carbohydrate. The patient 
■ was returned to the hospital from which he had come. 

It was difficult to keep this patient on a restricted diet except under con- 
stant supervision. This could be managed in the metabolism ward, but not in 

the open ward. . ,. 

On further treatment he did not improve, and Jan. 4, 1916, he died in dia- 
betic coma. 

Summary.— This case shows very clearly how rapid may be the 
change in tolerance for carbohydrate in diabetes. The tirine of the 
patient had become free from sugar when given a mixed diet con- 










TABLE 5.— Data of Calorimeter — 


Subject, 










Bate, 


End 

Carbon 




Urine N 

Indirect 

Heat 

Weight. 

Period 

of 

Bioxid, 

Oxygen, 

R. Q 

Water, 

per 

Calo- 

Ellmi- 

Surface Area, 


Period 

Gm. 

Gm. 


Gm. 

.Hour, 

rimetry, 

nated. 

Linear Formula 







Gm. 

Cal. 

Oal. 

Case 2 (Joseph D.) 

Prelim. 

11:39 a.m. 








11/15/15 

45.5 Kg. 

1 

12:39 

18.2 

17.3 

0.768 

28.7 

0.385 

56.8 

53.4 

1.48 Sq. M. 

2 

1:39 

18.6 

16.7 

0.812 

27.8 

0.385 

55.4 

58.0 

Joseph B 

Prelim. | 

6:04 p.m. 








11/17/16 








44.4 Kg. 

1 

7:04 

22.6 

22.5 

0.730- 

24.1 

0.356 

73.6 

68.1 

1.47 Sq. M. 

: 

2 

7:56 

19.3 

20A 

0.698 

23.7 

0.356 

65.4 

59.8 


Aver. 


.... 








Joseph B 

Prelim. 

11:43 

i 








11/19/15 








45.6 Kg. 

1 

12:43 

18.9 

17.6 

0.780 

34.5 

0.330 

58.2 

64.7 

1.48 Sq. M. 

2 

1:43 

18.0 

17.0 

0.770 

34.1 

0.330 

3|||1 

60.2 


Aver. 


.... 





■pli 


Case 3 (Cyril K.) . . 

Prelim. 

12:31 





HBIIis 

8 


12/15/15 

56.7 Kg. 

1 

1:31 

23.3 

23.6 

0.718 

31.1 

! 1.34 


80.1 

1.79 Sq. M. 

i 

2 

2:31 

25.1 

27.8 

0.656 

86.4 

1.34 


89.5 


Aver. 


.... 






81.9* 


Cyril K 

Prelim. 

12:31 

1:31 








12/16/15 

5.68 Kg. 

1.79 Sq. M. 

i 

24.1 

24.5 

0.715 

32.1 

1.44 

77.8t 

93.6 


2 

2:31 

23.3 

23.7 

0.714 

31.8 

1.44 

75.lt 

85.9 


Aver. 









Cvril K 

Prelim. | 

ll:31 

| 







12/18/15 







88.0 

56.5 Kg. 

1.79 Sq. M. 

1 

12:31 

22.7 

22.3 

0.740 

31.9 

0.927 


81.9 

2 

1:31 

21.5 

22.6 

0.693 

28.0 

0.927 



3 

2:31 

22.2 

23.5 

0.688 

29.5 

0.927 


85.1 


Aver. 


.... 

0 

0.707 



73.2 



Prelim. 

12:12 








12/20/15 





0.533 


72.5 

66.9 Kg. 

1.79 Sq. U. 

1 

1:12 

20.2 

20.2 

0.728 

20.3 



72.6 

2 

2:12 

20.5 

21.6 


22.3 



3 

3:12 

19.9 

19.5 

0.742 

20.6. 




67.3 


Aver. 








66.4 



Prelim. 

1 

11:42 

12:42 








12/22/15 

54.3 Kg. 

19.7 

19.6 

0.731 

21.4 

0.60 

63.6 

64.2 

1.75 Sq. M. 

2 

l:42 

19.9 

19.5 

0.742 

21.4 

0.60 

63.4 

67.2 


3 

2:42 

19.0 

,19.0 

0.729 

20.8 

0.60 

61.5 

64.5 


Aver. 






\ 

1 

i 

• 

62.8 



* Calculations based on assumed B:N ratio of 3.69. 
t Calculations based on assumed nonprotein R. Q. of 0.70. 
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effect of the stimulus due to the high protein metabolism of Day 2 
outlasted the presence of the stimulus itself. 0 

Case 3 7 (Tables 3, 4 and 5). — History . — Cyril K., aged 19, single, college 
student, born in the United States. 

The patient was admitted to the Presbyterian Hospital Dec. 7, 1915; trans- 
ferred to Bellevue Hospital Dec. 14, 1915; retransferred to Presbyterian Hos- 
pital Dec. 23, 1915; discharged March 7, 1916. 

The family history was negative. The patient’s health was always good. 
Fourteen months prior to admission he passed a life insurance examination. 
There had been no recent infection. October 19 he weighed 78.2 kg. with his 
clothes on and was then feeling perfectly well. Early in November he began 
to lose weight, felt weak, tired, without ambition. November 15 a physician 
found 4.5 per cent, sugar in the urine. He was given a diet containing .much 
meat, whole wheat bread and buttermilk. He had polydipsia and polyuria. 
About November 20 he weighed 70.5 kg. with his overcoat on. December 1 
he felt drowsy and slept a great deal. December 4 he felt very weak, nauseated 
and vomited, the drowsiness continuing. His last food was December 6 at 
7 p. m. 

December 7 he entered Presbyterian Hospital. Hemoglobin, 80 per cent.; 
white cells, 15,500; Wassermann negative. 

Under Dr. Geyelin’s care he was fasted until December 11. He seemed to 
be getting more drowsy; respirations were of the air hunger type; he was 
nauseated. Each day he received 53 to 114 gm. soda bicarbonate, most of it 
intravenously. 

December 11 he was given food, as fasting did not seem to improve his condi- 
tion. He received mostly milk and eggs. December 13 his condition improved. 
He was less drowsy and there was less air hunger. 

December 14, transferred to Bellevue Hospital. 

Physical Examination . — The patient was 6 feet 2 inches tall ; of large frame ; 
very thin, but not yet emaciated, with flushed face, pinched nose, drooping 
eyelids. He was slightly drowsy, but mentally clear. There was a marked 
acetone odor to the breath. Respirations were deep, 18 to the minute. The 
mucous membrane, gums and tongue were bright red and glazed. There were 
small furuncles on the right pinna and two on the left side of the neck. The 
remainder of the physical examination was not remarkable. 

December 15. Put in the calorimeter this morning after a milk diet. 

December 16. The patient read the newspaper; no nausea, said he felt very 
much better than two days previously. Clinically, he was much improved, 
although the laboratory findings did not indicate much change. He was- placed 
in the calorimeter after a day of protein food. 

December 18. Basal calorimeter observation this morning. Abscess on back 
of neck incised and 2 c.c. of greenish pus evacuated. Started fasting. 

December 19. Abscess dressed; 2 c.c. pus obtained. Blood examination 
- showed : white cells, 10,200 ; red cells, 5,746,000. 

December 20. Basal calorimeter observation. 

December 21. Still fasting; patient improving steadily; breathing normal; 
tongue clean; patient not at all drowsy, but reading all day; abscess still dis- 
charging small amount of pus. 

6. Lusk, G.: Animal Calorimetry, Paper 11. An Investigation Into the 
Causes of the Specific Dynamic Action of the Foodstuffs, Jour. Biol. Chem., 

1915, 20, 569. 

7. A preliminary report of this case has been given by Geyelin and Du Bois : 
A Case of Diabetes of Maximum Severity with Marked Improvement. Jour. 
Am. Med. Assn., 1916, 66, 1532. Further details of the clinical and laboratory 
data will be published shortly by Geyelin. 
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TABLE 5. — Data of Calorimeter- 


Subject, 
Date, 
Weight. 
Surface Area, 
I/inear Formula 

Period 

End 

of 

Period 

Carbon 

Diosid, 

Gm. 

Oxygen, 

Gm. 

R. Q. 

Water, 

Gm. 

Drine N 
per 
Hour, 
Pm. 

Indirect 

Calo- 

rimetry, 

Oal. 

Heat 

Elimi- 

nated, 

Cal. 

Cyril K 

Prelim. 

1 









2/1C/16 

45.8 Kg. 

1.66 Sq. M. 

12:47 

15.8 

11.9 

0.967 

13.7 



45.0 


2 

1:48 

15.3 

12.7 

0.877 

14.1 



47.0 


S 

2:47 

16.8 

13.5 

0.901 

16.7 



48.4 


Aver. 


. ... 




0.503 

43.0 


Cyril K 

Prelim. 

1 









3/8/16 

48.3 Kg. 

1.72 Sq. M. 

1:58 

17.6 

14.8 

0.866 

20.9 

0.301 

49.9 

1 

50.0 


2 

2:58 

17.5 

14.9 

0.854 

21.3 

0.301 

50.1 

63.6 


Aver. 


.... 





50.0 


Case 1 (Anna H.) 
3/31/16 

32.5 Kg. 

1.27 Sq. M. 

Prelim. 

1 

11:52 

12:52 

10.2 

9.2 

0.804 

17.5 

0.390 

30.2 ■ ' 

31.8 


2 

1:52 

0.5 

8.2 

0.840 

15.6 

0.390 

27.2 

29.5 


3 

2:52 

10.4 

9.4 i 

0.800 

16.1 

0.390 

30.9 

34.2 


Aver. 


.... 



1 






December 22. Basal calorimeter observation. Food given in small amounts ; 
alkali medication discontinued. 

December 23. Improving steadily. 

December 25. Patient was returned to Presbyterian Hospital. In a week 
he became permanently sugar-free, and without acetone bodies in his urine. 

February 15, 1916, he returned to Bellevue for a calorimeter observation. 
That day he received 252 gm. of carbohydrate, 60 gm. of protein and 69 gm. 
of fat without showing sugar in the urine. 

February 16, after being in the calorimeter he was given 270 gm. of carbo- 
hydrate, 44 gm. of protein and 11 gm. of fat in two and one-half hours. After 
this large meal he showed only a trace of sugar in his urine. 

February 27. A peritonsillar abscess was accompanied by marked lowering 
of the carbohydrate tolerance. 

March 7. Carbohydrate tolerance regained; blood sugar normal, 0.08 per 
cent. Patient weighed 47.7 kg. He was taking a diet containing 2,500 calories. 

March 8. Put in the calorimeter and then sent to his home. Later he 
developed pulmonary tuberculosis, with high fever. 

In February, 1917, the patient was improving somewhat. He died March 17, 
1917, having been free from urinary glucose and acetone bodies for 125 days. 

The patient was an ideal , subject for metabolism study. He was 
intelligent and anxious to cooperate in all the necessary procedures. 
He was very quiet when in the calorimeter. The element of increased 
restlessness frequently observed in disease and suggested by Magnus- 
Levy 8 as a cause, of the increased metabolism sometimes recorded, was 
therefore absent in this individual. 

8. Magnus-Lew, A. : Respirationsversuche an diabetischen Menschen, Ztschr. 
f. klin. Med., 1905, 56, 83. 
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— a Case of Diabetes 


Blood 
Pressure 
Syst. Dias. 

Urine 

Vol., 

C.c. 

Urine* 

N., 

Gm. 

Nitrogen 

Balance, 

Gm. 

Urine 

Glucose, 

Gm. 

D:N 

Ratio 

: 

Urine 
NaOl, ; 
Gm. 

NHs 

N., 

Gm. 

Acetone 

+ 

Diacetic 

Acid 

Gm. 

Beta- 

oxy- 

butyric, 

Gm. 

Alveo- 
lar COc 
Ten- 
sion, 
Mm. 
Hg 

Blood 

C0 2 

Vol. 

% 

1 Glu - 
I cose, 

| Mg. 

1 

! 

4,715 i 

37.7 

—28.9 

1 118 K 


• 

5 41 

g 78t 

65 2 


; 

' 


118-78 

5,290 

36.4 

—19.3 

167.9 

3.97 

| 

13.21 

5.214 

5.61 

70.9 

I 

29.2 


114-61 

5,710 

38.3 

—23.7 

153.4 

4.01 

16.37 

3.537 

t 4.99 

75.1 

( 21.0 

28.4 


114-73 

6,900 

36.3 

—30.6 

140.3 

3.87 

22.85 

3.818 

' 

1 

87.4 

(15.1 

23.4 

51.3 


10S-60 

3,980 

20.0 

— 20.1 

55,1 

2.76 

16.83 

2.914 

! 

58.5 

22.9 

52.0 ; 

0.150 

102-70 

4,700 

16.7 

1 —15.5 

44.3 

2.65 

15.43 

2.290 


56.8 

30.6 

73.9 1 



4,030 

14,1 

i —11 ,R 

1 

35 S 1 

i 9 44 

13 44 

1.603 ! 


i 41.2 

33*7 

75 g 1 

0.177 

104-64 

6,020 

14.4 

| 

j —11.5 

39.7 

i 2.65 

19.86 

1.524 

! 

26.2 



0.1701 

104-70 

3,770 

18.3 

—15.2 

: 26.0 

1.12 

13.21 

1.429 



11.0 

(35.3 

©j 

QQ 

l- 

0.181 











(31.0 





.... i 



j 



• 



1 72.1 

0 . 20 G 







0,0 








! 



i 

• ••• 


Trace 

| 



i 

i 

j l 

! 

1 

i 1 

1 

1 



— Summary Chart — Diabetes 


Variation 
from . 
Average 
Normal, 
Per Cent. 

R. Q. 

Nonprotein 
R. Q. 

D:N 

Ratio* 

Per Cent. Calories from 

Remarks 

Protein 

Pat 

Carbohyd. 

+15 

0.687 

0.699 

5.05 

21 

79 

0 

After breakfast 

+ 7 

0.714 

0.743 

3.65 

. 25 

75 

0 

After breakfast 

4* 3 

0.707 

0.706 

2.63 

21 

79 

0 

Basal 

— 7 

0.721 

0.718 

2.21 

15 

82 

3 (?) 

Basal 

—10 

0.734 

0.728 

1.53 

20 

74 

6 

Basnl 

—35 

0.915 

0.970 

0.0 

31 

7 

62 

Basal 

—27 

0.860 

0.872 

0.0 

16 

37 

47 

Basal 

— 5 

0.790 

0.787 

0.0 

17 

60 

23 

Basal 

+28 

0.714 

0.711 

2.53 

8 

90 

2 (?) 

After dinner 

— S 

0.775 

0.769 

0.0 

16 

66 

IS 

Basal 

-37 

0.815 

0.822 

0.0 

35 

39 

26 

Basal 
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TABLE 5. — Data of Call > * 


Subject, ’ 
Date, 
Weight. 
Surface Area, 
Linear Formula 

Period 

End 

of 

Period 

Carbon 

Dioxid, 

Gm. 

Oxygen, 

Gm. 

R. Q. 

Water, 

Gm. 

Urine X 
per 
Hour, 
Pm. 

Indirect 

Calo- 

rimetry, 

Cal. 

Heat 

Elimi- 

nated, 

Oa). 

Cyril K 

Prelim. 

1 









2/16/16 

45.8 Kg. 

1.66 Sq. M. 

XX • ft l 

12:47 

15.8 

11.9 

0.967 

13.7 



45.0 


2 

1:48 

15.3 

12.7 

0.877 

14.1 



47.0 


S 

2:47 

16.8 

13.5 

0.901 

10.7 



48.4 


Aver. 






0.508 

43.0 


Cyril K 

Prelim. 

1 

12:58 

1:58 








S/8/16 

48.3 Kg. 

1.72 Sq. M. 

17.6 

14.8 

0.866 

20.9 

0.301 

49.9 

50.9 


2 

2:58 

17.5 

14.9 

0.854 

21.3 

0.301 

60.1 

63.6 


Aver. 


.... 





50.0 


Case 1 (Anna H.) 
3/31/16 

32.5 Kg. 

1.27 Sq. M. 

Prelim. 

1 

11:52 

12:52 

10.2 

9.2 

0.804 

17.5 

0.390 

30.2 '■ 

31.8 


2 

1:52 

9.5 

8.2 

0.840 

15.6 

0.390 

27.2 

29.5 


3 

2:52 

10.4 

9.4 

0.800 

16.1 

0.390 

30.9 

34.2 

1 

Aver. 


.... 





1 





December 22. Basal calorimeter observation. Food given in small amounts ; 
alkali medication discontinued. ' 

December 23. Improving steadily. 

December 25. Patient was returned to Presbyterian Hospital. In a week 
he became permanently sugar-free, and without acetone bodies in his urine. 

February 15, 1916, he returned to Bellevue for a calorimeter observation. 
That day he received 252 gm. of carbohydrate, 60 gm. of protein and 69 gm. 
of fat without showing sugar in the urine. 

February 16, after being in the calorimeter he was given 270 gm. of carbo- 
hydrate, 44 gm. of protein and 11 gm. of fat in two and one-half hours. After 
this large meal he showed only a trace of sugar in his urine. 

February 27. A peritonsillar abscess was accompanied by marked lowering 
of the carbohydrate tolerance. 

March 7. Carbohydrate tolerance regained; blood sugar normal, 0.08 per 
cent. Patient weighed 47.7 kg. He was taking a diet containing 2,500 calories. 

March 8. Put in the calorimeter and then sent to his home. Later he 
developed pulmonary tuberculosis, with high fever. 

In February, 1917, the patient was improving somewhat. He died March 17, 
1917, having been free from urinary glucose and acetone bodies for 125 days. 

The patient was an ideal .subject for metabolism study. He was 
intelligent and anxious to cooperate in all the necessary procedures. 
He was very quiet when in the calorimeter. The element of increased 
restlessness frequently observed ift disease and suggested by Magnus- 
Levy 8 as a cause, of the increased metabolism sometimes recorded, was 
therefore absent in this individual. 

8. Magnus-Lew, A. : Respirationsversuche an diabetischen Menschen, Ztschr. 
f. klin. Med., 1905, 56, 83. 
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Although this indicates an oxidation of carbohydrate, the other metab- 
olism factors of the pathologic complex show little improvement. Thus, 
the dietary contained 7.2 gm. of nitrogen daily and the urine 34.5 gm.’ 
an excess of 27.3 gm. above that contained in the food. The waste of 
27 .3 gm. of body nitrogen daily compares with a loss of 27.5 gm. daily 
during the fasting period immediately preceding. During this period 
of mixed diet the daily quantity of beta-oxybutyric acid eliminated 
increased to 56.5 gm. and the blood carbon dioxid tension fell to an 
average level of 22.1 mm. of mercury. It is difficult to find in the 
evidence presented by the metabolism data any cause for the improve- 
ment in the clinical condition. 


TABLE 6. — Metabolism of Cyril K. 

Weight during Periods I-V, between 57.6 and 54.3 kg.; during Period IV, 45.8 kg. 
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III. High Protein-Fat Diet Period . — During a period of three days 
the patient was given a diet of protein and fat, and aD:N ratio of 3.9 
was determined. Although no experimental data are available to show 
why this ratio is higher than 3.65, yet it is possible that the extra sugar 
may have been derived from a reduction in the quantity of sugar in 
the body, as would have been indicated by a lowering of the level of 
blood-sugar. The quantity of “extra sugar,” or that eliminated in 
excess of a D : N ratio of 3.65, may be calculated as being 57 gm. 
during the three-day period. The patient weighed 57 kg., so that a fall 
of 0.1 per cent, in the quantity of blood sugar would explain the origin 
of the “extra sugar.” The diet contained an average of 13.7 gm. of 
nitrogen daily, the urine 37.0 gm., a difference of 23.3 gm., or almost 
as great a loss of body nitrogen as during the two preceding periods. 
On the second day of this diet the patient manifested marked clinical 
improvement, sat up in bed and said he felt much better than two days 
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The Respii atory Quotient . — An analysis of the diabetic respiratory 
quotient has already been presented in one of this series of papers. 10 
During the period of a high protein-fat diet it is evident that the 
metabolism was highly abnormal. Only protein and fat were oxidized, 
and these only partially. It has been shown that when the D : N ratio 
is 3.65, the protein respiratory quotient becomes 0.632 instead of 0.80 
normally, and when beta-oxybutyric acid is produced as the end- 
product of fat metabolism, the calculated respiratory quotient of fat 
falls to 0.669 instead of being 0.707, its normal value. 

Were this the whole story, one should find agreement between the 
respiratory quotient as calculated from the end-products of metabolism . 
during the period of severe diabetes and that actually found. Thus, 
on December 16 when the diabetes was complete, one might calculate 
the respiratory quotient as follows: 


If the D : N were 3.65, then 1.44 gm. N in urine = 
If 18.1 gm. nonprotein C0 2 he derived from fat less 
unoxidized beta-oxybutyric acid, 


Respired Gases 

a 

Liters 

C0 2 

Liters 

R. Q. 

4.58 

2.91 

. 0.63 

13.77 

9.21 

0.67 

18.35 

12.12 

0.66 


The respiratory quotient was actually 0.715, and, as a matter of 
fact, quotients as low as 0.66 have not been reported in trustworthy 
experiments on the basal metabolism in diabetes. It is evident that 
some accessory factors must come into play. It is highly probable that 
the interaction between acid formation and bicarbonate neutralization 
plays an important role in diabetes. Thus, if beta-oxybutyric acid 
formed from fat neutralizes sodium bicarbonate, the diabetic respira- 
tory quotient for fat would be 0.715 instead of 0.669. Again, if the 
acid were neutralized with ammonia instead of with bicarbonate, it 
would have been at the expense of ammonia which normally would 
have combined with carbon dioxid in urea formation. The carbon 
dioxid would tend to be liberated in the respiration and the quotient 
would be increased. 

Under certain conditions of recovery from the diabetic condition, 
respiratory quotients of 0.80 during fasting have been noted by Joslin, 11 
and this has been attributed to the oxidation of beta-oxybutyric acid, 
which gives a respiratory quotient of 0.889. It should be noted, how- 
ever, that if sodium beta-oxybutyrate be oxidized to bicarbonate of 
sodium, the respiratory quotient of the substance would be only 0.667. 
The unknowable interplay of factors which govern the finer details of 

10. Lusk, G. : Clinical Calorimetry, Paper 8. On the Diabetic Respiratory 
Quotient, The Archives Int. Med., 1915, 15, 939. 

11. Joslin, E. P.: Treatment of Diabetes Mellitus, New York, 1916, p. 96. 
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Summary . — This remarkable case may be reported in five successive 
periods, each sharply distinguished, and in a sixth period observed after 
an interval of two months. Table 6 represents the average daily 
figures obtained. 

I. First Fasting Period . — The D: N in the urine during three days 
averaged 2.7 per day. The urinary nitrogen averaged 27.5 gm. daily, 
which is the highest level of nitrogen excretion ever recorded during 
fasting. It is threefold the quantity of nitrogen eliminated in ordinary 
fasting, and, therefore, brings this case of human diabetes in accord 
with the changes in protein metabolism noted in depancreatized and 
phlorhizinized dogs. During this period the blood-sugar was at its 
maximum (0.326 per cent.), beta-oxybutyric acid elimination reached 
39.6. gm., and a low carbon dioxid tension in the blood betokened a 
considerable acidosis. Despite the administration, chiefly by intra- 
venous injection, of between 53 and 114 gm. of sodium bicarbonate 
daily, the patient became increasingly drowsy, respirations were of the 
air hunger type, and he suffered from nausea. 

II. Mixed Diet Period . — As fasting did not improve the patient’s 
condition, he was given a diet of milk and eggs for four days, and on 
the third day his condition improved, be became less drowsy and there 
was less air hunger. After subtracting the carbohydrate ingested from 
the glucose eliminated in the urine, the D : N may be calculated as 1.9. 
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would be liberated^ in the body and not in the urea of the urine.. Several cal- 
culations of this kind showed that such additional heat did not exceed 1 calory 
an hour. 

The ordinary method for calculating the heat value of fat remains 
unchanged in spite of the abnormal production of beta-oxybutyric acid. 
For a liter of oxygen when used to oxidize beta-oxybutyric acid gives 
a heat value of 4.848 calories, if the figure, 4.69 calories per gram given 
by Emery and Benedict, 14 is adopted as the heat value of this substance. 
When fat itself is completely oxidized, the heat value of a liter of 
oxygen is 4.686, but when 100 gm. are oxidized, leaving a residue of 
36 gm. of beta-oxybutyric acid, the heat value of a liter of oxygen is 
reduced to 4.654, a difference of 0.7 per cent. 

In a former paper of this series by Allen and Du Bois 1 the question 
of the level of total metabolism in diabetes mellitus was discussed at. 
length and need here be considered only in relation to the specific case. 
It has long been definitely known that an increased protein metabolism 
increases the heat production. Rubner 15 was the first to advance the 
idea that the increased heat production in experimental diabetes was 
due to an increased metabolism. Even though a large amount of the. 
energy present in protein be eliminated in the urine as glucose, still the 
specific dynamic action of protein is present when it is ingested in 
diabetes. 16 

The total metabolism of Cyril K. during the period of high protein 
and fat ingestion was found to be 15 and 7 per cent, above the normal 
standard of metabolism per square meter, of surface given in Paper 13 
of this series. The high protein metabolism might sufficiently explain 
this increase. 

The analysis of this factor may be accomplished in the following 
manner: If one assume that the usual normal excretion of protein 
nitrogen is 0.5 gm. per hour, one may calculate how much in excess 
of this the protein metabolism was during the hours of calorimeter 
investigation. Since Aub and Du Bois 17 find that in man, when 100 
calories in protein are metabolized, the total heat production increases 
by 76.4 calories, it is possible to compute by what increment the extra 
metabolism of protein would increase the heat production. Such a 
calculation is presented in Table 8. 

The first two observations on Cyril K. were made six hours after 
taking food. It is questionable whether the small amount ingested 

14. Emery, A. G., and Benedict, F. G.: The Heat of Combustion of Com- 
pounds of Physiological Importance, Am. Jour. Physiol., 191b 28, 301. 

15. Rubner, M.: Die Gesetze des Energieverbrauchs bei der Ernahrung, 
Leipzig, 1902, p, 370. 

16. Lusk, G.: Loc. cit., note 6, p. 555. 

17. Aub, J. C., and Du Bois, E. F.: Clinical Calorimetry, Paper 21, I he 
Archives Int. Med., this issue. 
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3 

0.864 

38 

28 

34 

.... 

) 

I Very quiet; asleep 
30 min. 

37.8 

35.9 

59 

16 

0.797 

33 

46 

21 

.... 



! Quiet; reading 10 

1 min. 

.... 

.... 

.... 

•• 


35 

39 

26 

0.91 

I 

| 23.2 

1 


Summary . — This remarkable case may be reported in five successive 
periods, each sharply distinguished, and in a sixth period observed after 
an interval of two months. Table 6 represents the average daily 
figures obtained. 

I. First Fasting Period . — The D : N in the urine during three days 
averaged 2.7 per day. The urinary nitrogen averaged 27 S gm. daily, 
which is the highest level of nitrogen excretion ever recorded during 
fasting. It is threefold the quantity of nitrogen eliminated in ordinary 
fasting, and, therefore, brings this case of human diabetes in accord 
with the changes in protein metabolism noted in depancreatized and 
phlorhizinized dogs. During this period the blood-sugar was at its 
maximum (0.326 per cent.), beta-oxybutyric acid elimination reached 
39.6- gm., and a low carbon dioxid tension in the blood betokened a 
considerable acidosis. Despite the administration, chiefly by intra- 
venous injection, of between 53 and 114 gm. of sodium bicarbonate 
daily, the patient became increasingly drowsy, respirations were of the 
air hunger type, and he suffered from nausea, 

II. Mixed Diet Period . — As fasting did not improve the patient’s 
condition, he was given a diet of milk and eggs for four days, and on 
the third day his condition improved, be became less drowsy and there 
was less air hunger. After subtracting the carbohydrate ingested from 
the glucose eliminated in the urine, the D : N may be calculated as 1.9. 
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It is interesting to note that the excretion of beta-oxybutyric acid 
decreased before the fall in the D : N ratio, as appears in Table 9. 

It may reasonably be questioned whether there could possibly have 
been an increase in the number of sugar molecules liberated in the 
metabolism of protein on December 21, such as to have been the cause 
of the improvement in the oxidation of fat, as evidenced by the fall 
in the quantity of beta-oxybutyric acid excreted. On the other hand, 
it may well be that the improvement in the conditions for the oxidation 
of fat may have reduced the acidosis to such an extent as to have 
beneficially affected the- oxidation of glucose. These latter relations 
have been set forth in a series of papers by Murlin. 18 

Woodyatt 10 has recently stated that the decrease of acidosis in 
fasting, emaciated diabetics may, in part, be due to the fact that the 
metabolism may be solely at the expense of protein. Our observations 


TABLE 9. — Showing Fall in Beta-Oxybutyric Acid Before Fall 

in D : N Ratio 


Period 

* Date 

D : N 

Beta-oxybutyric Acid 

rv 

12/19* 

2.65 

56.84 


12/20* 

2.44 

41.1V 


12/21* 

2.65 

26.21 

V 

12/22* 

1.12 

10.95 


* Fasting. 


do not corroborate this view, for the highest amount of heat from 
protein yielded during periods of basal metabolism in severe diabetes 
has never exceeded 23 per cent, of the total heat production. 

During the period of high protein-fat diet and of high acidosis the 
quantity of sodium chlorid was less in the urine than in the diet, 
whereas the opposite conditions obtained during the following period 
of fasting which resulted in the clearing up of the acidosis. 

VI. Recovery. — After an interval of two months the patient 
returned to Bellevue Hospital and was again placed in the calorimeter 
for the determination of his basal metabolism. The day before he had 
partaken of a diet containing: 

Protein 60 gm. 

Carbohydrate 252 gm. 

Fat 6 S m - 

18. Murlin, J. R„ and Kramer, B.: Pancreatic Diabetes in the Dog, Jour. 

Biol. Chem., 1916, 27, 481. „ J 

19. Woodyatt, R. T.: Acidosis in Diabetes, Jour. Am. Med. Assn., mo, 

66, 1910. 
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before, yet on this day the carbon dioxid tension in the blood fell to its 
lowest level of 19.6 mm. of mercury, and 75 gm. of beta-oxybutyric 
acid were eliminated. On the third day, however, the carbon dioxid 
tension reached 35.4 mm., a level which is more in accord with the 
actual improvement of the patient. During this period an average of 
55 gm. of sodium bicarbonate were given daily. 

The beta-oxybutyric acid excretion averaged 77.8 gm. On the two 
days in which calorimeter investigations were conducted the results 
may be computed to show how much of the total metabolism of fat 
reached beta-oxybutyric acid as its terminal stage. When fat is thus 
oxidized it is theoretically possible for 21.7 per cent, of the quantity of 
carbon dioxid ordinarily eliminated in the respiration to remain unoxi- 
dized in the form of beta-oxybutyric acid. Remembering this, one may 
make the computation shown in Table 7. 


TABLE 7. — Beta-oxybutyric Acid Elimination 

The quantity of beta-oxybutyric acid eliminated per hour was slightly in 
excess of the quantity derivable from the fat metabolism of the time. 



Urine 




i 

Theoretical 

Beta-oxy- 

butyric 

Acid 

from Eat, 
Gm. 

Date 

1 : 

Nitrogen, 

Gm. 

1 

D:N 

Beta-oxy- 

butyric 

Acid, 

Gm. 

Calories 

COc, 

Gm. 

Nonprotein 

C0 2 , 

Gm. 

12/15 

I 

1.34* 

3.97 

3.13 

SI .9 j 

24.2 

18.9 

3.09 

12/16 

1.44* 

4.01 

2.95 

76.4 ! 

1 

23.7 

1 18.1 

i 

2.90 


* Eliminated per hour during calorimeter period. 


It is apparent from Table 7 that on one of the two successive days 
the hourly elimination of beta-oxybutyric acid was slightly greater than 
the quantity derivable from the fat metabolism of the hours spent in 
the calorimeter. The slight excess may have been due to a slightly 
greater average of fat metabolism during the twenty-four-hour period 
than that observed during the calorimeter period, or it may have been 
due to an origin of beta-oxybutyric acid from those amino-acids which 
yield it. A considerable origin of beta-oxybutyric acid from the latter 
source is not indicated. 

The picture presented during this period is one in rvhich all the 
glucose derivable from protein and all the beta-oxybutyric acid formed 
as an end-product of' the oxidation of fat is completely eliminated in 
the urine. Though Magnus-Levy 9 computed such results for a diabetic 
and comatose youth, the actual demonstration of this condition is here 
presented for the first time. 


9. Magnus-Levy, A.: Die Acetonkorper, Ergebn. d. inn. Med., 1908, 1, 385. 
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of the original normal value before the initiation of fasting. This is 
the lowest level of metabolism ever recorded. 

Case- 2 . — A patient with a mild case of diabetes, whose urine was 
free from sugar, became suddenly and completely diabetic on the 
administration of a high protein-fat diet, and, on fasting, rapidly 
regained his former tolerance for sugar. ’ > 

Case 3 . — An acute case of complete diabetes which, in high protein 
metabolism and in high D : N ratios, resembled experimental diabetes 
in animals. When given meat and fat, the patient not only excreted 
all the sugar derivable from protein; but he also excreted all the beta- 
oxybutyric acid derivable from the fat metabolism of the time. Two 
months later when the metabolism w.as 35 per cent, below the normal 
for his height and weight, two-thirds of the total calories were derived 
from carbohydrate. The case has afforded an opportunity for the dis- 
cussion of many of the fundamental facts concerning diabetes mellitus. 


477 First Avenue. 
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the respiratory quotient in diabetes prevents its precise interpretation. 
It is sufficient to bear in mind, however, that the quotient of 0.69, which 
is frequently found in total diabetes, indicates the oxidation of fat with 
the neutralization of sodium bicarbonate by the beta-oxybutyric acid 
formed. The following summary compares the respiratory quotients 
obtained under different conditions in this laboratory : 



D:N 

R. Q. 

Nonprotein 

R. Q. 

Diabetic man, Cyril K 

3.97 

0.687 

0.699 

Diabetic man, Gerald S 

3.50 

0.697 

0.700 

Phlorhizinized dog 

3.54 . 

0.687 

0.704 


December 15 the nonprotein respiratory quotient of Cyril K. was 
0.699, which is sufficiently close to 0.715 to indicate that the oxidation 
of fat proceeded in such a manner that some carbon dioxid was driven 
off from combined bicarbonate in the blood. December 16, under 
essentially the same condition of diabetes in its most intense form, the 
nonprotein respiratory quotient was 0.743. The alveolar tension of 
•carbon dioxid was taken immediately before and immediately after the 
respiration experiment, and it fell from 0.21 mm. of mercury to 
0.15 mm. This suggests an increased neutralization of acid by the 
blood with expulsion of carbon dioxid. It is this extra elimination of 
carbon dioxid which may play some part in this otherwise inexplicably 
high nonprotein respiratory quotient. 

Grafe 1 * calculated that if all the nitrogen of protein metabolism were elimi- 
nated as ammonia, the quotient would rise from the normal of 0.80 to 0.88. 
When, in our experiments, a correction of the respiratory quotient of protein 
was attempted because of the large elimination of ammonia, this has not 
increased the R. Q. more than 0.01. 

The total heat production during this period of complete diabetes 
presents some interesting aspects. The method of calculating the heat 
produced from protein metabolism in severe diabetes, as described by 
Lusk, 13 has here been followed. 

When the D : N ratio has fallen below 3.65, the effect on the respiratory 
quotient and the heat value of protein has been calculated by making deductions 
for the separate periods, remembering that each gram of glucose derived from 
protein would normally be associated with 


Heat production 3.692 cal. 

Oxygen absorption ' 1.067 gm. 

Carbon dioxid elimination 1.467 gm. 


It should be further remembered that when ammonia is converted into 
urea by union with carbon dioxid, heat is absorbed in the reaction. When 
abnormally large amounts of ammonia are eliminated in the urine, this heat 


12, Grafe, E. : Zur Kenntniss des Stoffwechsels im protrahierten Hunger- 
zustande, Ztschr. f. physiol. Chem., 1910, 65, 48. 

13. Lusk, G. : Jour. Biol. Chem., 1915, -20, 600. 
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TABLE 1. — Illustrating Water Balance 

Water Intake: 

Drinking water 

Water in coflee, milk, soup ’ 

Water in “solid foods” 

HsO from oxidation of 100 gm. protein 

HzO from oxidation of 110 gm, fat 

H 2 O from oxidation of 244 gm. carbohydrate ’.I’.”'.'..! 


Water Output: g m> 

Water in urine 759 ' 

Water in feces 300 

Water vaporized through skin and respiratory passages 100 

1,750 

Plus balance to body 144 

Gain in body weight 7 loo 


It is the purpose of the present paper to give some idea as to the 
amount of water lost from the body in vaporization, and to call 
attention to this neglected factor in the total output. We can try to 
estimate the so-called insensible perspiration by weighing the patient 
every day and measuring everything taken and excreted. More 
accurate determinations can be made in a few cases in respiration 
chambers. Absolutely accurate determinations cannot be made at 
present, and it seems advisable to take up this point in detail before 
reviewing the literature of the subject. 

Alcohol Checks . — It has been the policy of the Russell Sage Insti- 
tute of Pathology to publish each year all the alcohol checks made with 
the calorimeter (Table 2). This enables other investigators to satisfy 
themselves’ as to the accuracy of the apparatus at any given time 
during the experimental season. Occasionally, there will be an error 
as great as 2 per cent, in some of the measurements. The average 
errors for the season of 1915-1916 are as follows: 

Per Cent. 

Heat +0.63 

Oxygen ..... —02S 

Carbon dioxid 

Respiratory quotient 0.665 instead of the theoretical 0.6666. This 
■ shows that the calorimeter is still extraordinarily accurate. The usual 
error of -j-2.5 per cent, in measuring the water elimination will -be 
discussed later. It is interesting to study the results in the check of 
April 3, when about one-quarter of the customary amount of alcohol 
was burned. The measurement of oxygen and carbon dioxid was 
, surprisingly good, but the method of direct calorimetry gave an error 
of +2.5 calories in three hours: The large calorimeter was never 
intended to measure a heat production as low as 19 calories an hour, 
but even for such small amounts, using the method of indirect calor- 
imetry, it compares favorably with any other respiration chamber as 
yet constructed. 


Gm. 

300 

580 

720 

41 

118 

135 

1,894 
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would have, much effect in stimulating metabolism at the time of 
observation. 

It appears from this calculation that the extra heat production noted 
in Cyril K. was due to the extraordinarily high protein metabolism, 
and that with the elimination of that factor the metabolism more nearly 
approximated that to be expected in a somewhat emaciated individual. 

The prognosis, as based on the laboratory findings of this case, 
seemed at this point to be most unfavorable and was so pronounced by 
Allen and by Lusk, while Joslin, who saw the patient at the same time, 
stated that he would recover. 

IV. Second Fasting Period . — Following the period of high protein 
diet, a second fasting period was initiated, which extended over four 
days. The D : N ratio was 2.7, as during the first fasting period. There 


TABLE 8. — Specific Dynamic Action of Excessive Protein Destruction 

(Cyril K.) 


Date 

Urinary 
Nitrogen 
in Excess 

1 of Normal 
Basal 
per Hour 

Extra 

Calories Due 
to Specific. 
Dynamic 
Action 
(Extra 

N x 26.5 X 
0.764) 

Total 

Calories 

per 

Hour 

Total 

Calories 

Minus 

Calories 

of 

Specific 

Dynamic 

Action 

Calories 
(minus 
Calories of 
Specific 
Dynamic 
Action) 
per Sq. M. 
per Hour 

Per 

Cent. 

Average 

Normal 

1915 

12/15 

0.83 

16.8 

81.9 

65.1 

36.4 

— 8 

12/16 

0.93 

18.8 

76.4 

57.6 

32.2 

—19 

12/18 

0.42 

8.5 

73.2 

64.7 

36.1 

— 9 

12/20 

.... 

.... 

66.3 

.... 

37.0 

— 7 

12/22 

.... 

.... 

62.8 

.... 

35.9 

—10 


were three distinct factors which showed improvement over the fasting 
period of the week before: (a) a lower protein metabolism; (b) a 
lower level of blood sugar; (c) a higher carbon dioxid tension of the 
blood. The elimination of beta-oxybutyric acid, however, did not 
markedly decrease until the fourth fasting day. The patient showed 
steady improvement throughout this period, read all day and was free 
from drowsiness. 

V. Convalescent Period . — Following the period of four days of 
fasting, during which the D : N was 2.7, this ratio suddenly broke to 
1.1, the quantity of beta-oxybutyric acid eliminated fell to 11 gm., and 
the respiratory quotient rose in response to the change in metabolism. 
Although clinically the condition of. the patient had shown constant 
improvement, yet this day was the first to herald the overthrow of all 
features of the pathologic metabolism. Within a week he became per- 
manently free from glycosuria and from acetonuria. 
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TABLE 2. — Alcohol Checks— 



. 

Heat 


Oxygen 


Date 

Hour 

Alcohol 

Theory, 

Bound, 

Error, 

Theory, 

Eound, 

Error, 



Burned, 

Cals, 

' Oals, 

per Cent. 

Gm. 

Gm. 

per Cent. 



Gm.* 







f 1 

12.70 

81.2 

81.7 

+0.6 

23.9 

24.8 

+3.7 . 

10/29/15 

j 2 

12.34 

78.9 

79.4 

+0.6 

23.2 

22.9 

—1.4 

! 3 

12.77 

81.7 

80.1 

—2.0 

24.1 

23.6 

+2.0 


1 4 

12.10 

77.4 

78.7 

+1.7 

22.8 

23.3 

+2.2 

Average 

... 


79.8 

80.0 

+0.2 

23.5 

23.8 

+1.3 


1 

11.17 

73.5 

68.8 

—6.0 

21.6 

21.6 

±0.0 

12/13/15 

■ 2 

10.44 

6S.7 

69.1 

+0.6 

20.2 

20.2 

±0.0 

3 

10.38 

68.3 

69.7 

+2.0 

20.1 

20.4 

+1.5 

Average 

* * * 1 


70.2 

69.2 

—1.3 

20.6 

20.7 

+0.5 



11.96 

78.7 

79.5 

+1.0 

23.2 

22.9 

—1.3 

1/19/16 

{ i 

12.42 

12.37 

81.7 

81.4 

80.7 

80.7 

—1.2 

—0.8 

24.1 

24.0 

25.3 

24.2 
. r 

+u.0 
+0.8 , 

Average 

• • • 


80.6 

80.3 

— 0.3 

23.8 

24.1 

+1.2 


t 

11.59 

76.3 

78.4 

+2.7 

22.5 

22.6 

+0.4 

1/21/16 

• 2 

3 

11.44 

11.31 

75.3 

74.4 

76.1 

77.0 

+1.0 

+3.5 

22.2 

21.9 

22.4 

21.5 

+0.9 
— l.S 

Average 

... 


75.3 . 

77.2 

+2.4 

22.2 

22.2 

±0.0 

2/18/16 

1 

2 

3 

11.92 

11.89 

11.26 

78.4 

78.2 

74.1 

77.8 

77.9 

75.2 

-0.7 
— 0*4 
+1.5 

23.1 

23.0 

21.8 

22.5 

23.0 

21.2 

—2.6 
±0.0 
2.7 

Average 

... 


76.9 

77.0 

+0.1 

22.6 

22.2 

—1.8 

2/25/16 

1 

2 

3 

11.82 

11.47 

11.73 

77.8 

75.5 

77.2 

77.5 

76.1 

78.0 

-0.4 

+0.8 

+1.0 

22.9 

22.2 

22.7 

22.5 

22.3 

22.5 

—1.7 

+0.4 

+0.8 

Average 

... 



76.8 

77.2 

+0.5 

22.6 

22.4 

- — 0.9 

4/ 3/16 

1 

2 

3 

2.69 

2.49 

3.37 

17.7 

16.4 

22.2 

19.1 

20.4 

24.5 

+7.9 

+24.4 

+10.5 

5.21 

4.82 

6.53 

4.93 

5.15 

6.33 

—5.1 

+7.C 

Average 

... 


18.8 

21.3 

+13.3 

5.52 

5.48 

-o.- 

4/14/16 

I 1 

2 

3 

12.63 

12.35 

12.26 

83.1 

81.3 

80.7 

83.3 

81.1 

81.3 

+0.2 

—0.2 

+0.5 

24.5 

23.9 

23.8 

24.3 

23.3 

23.5 

— 0 
— 9 

—1 

Average 



81.7 

81.9 

+0.2 . 

24.1 

23.7 

l * — ^ 

1 

14.07 

7 174.2 

84.4 

90.3 

87.8 

7 +0.3 

51.3 

24.8 

26.4 

4/17/16 

2 

3 

12.41 

13.28 

87.4 

+0.5 • 

25.7 

25.4 

—l 

Average 


87.2 

87.5 

+0.3 

25.7 

25.5 



Total 

... 


2,021.7 

2,034.6 

+0.63 

695.3 

593.8 

i 


water produced by the alcohol flame to the water dripped into the box 
each hour. The results are shown in Table 0, anc it will be se 
24 to 28 gm. of water were lost per hour. The method of dripping 
water was rather crude, and much water must have been retain 
by the wooden frame. Even so, it was evident that the bed an 
clothing, which had been placed in the box when ™ry<iry absorbed 
a great deal of water as the humidity rose “ 

experiment was over, still more water was vaporised, the air almost 
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There was no sugar in the urine. The determination of the basal 
metabolism revealed a respiratory quotient of 0.92 and a nonprotein 
respiratory quotient of 0.97. These results showed that this man was 
now deriving his energy, 62 per cent, from carbohydrate, 31 per cent, 
from protein and 6 per cent, from fat. This astonishing result shows 
that Cyril K., who two months before had been completely diabetic, 
was now able to derive two-thirds of his basal requirement for energy 
from the oxidation of carbohydrate. 

Before the onset of diabetes the weight of the patient had been 
approximately 73.6 kg. His minimal recorded weight as the result of 
the Allen fasting treatment was 45.8 kg., a loss of 27.8 kg., or 38 per 
cent. The normal basal metabolism of a man weighing 73.6 kg. and 
having a height of 188 cm. would have been 79 calories. This contrasts 
with an actual production of energy amounting to only 43 calories per 
hour when he was reduced to a weight of 45.8 kg. His heat production 
was therefore only 55 per cent, of what it would have been had he 
been of his normal weight. 

The results calculated from Case 1 may be compared with those of 
this patient as in Table 10. 


TABLE 10. — Comparison of Results in Case 1 with Those of 

Cyril K., Case 3 


Case 

Height, I 
Cm. 

Original 

Weight, 

Kg. 

Lowest 

Weight, 

Kg. 

Lowest Heat 
Production in 

Per Cent, of the 
Original 
Normal 

Variation in 

Per Cent, from the 
•Normal per Sq. M. 
of Surface when 
Heat Production 
Was Lowest 

1 

169 

62 

32.6 | 

40 

—37 

3 

188 

74 

45.8 ! 

55 

—35 


After three weeks Cyril K. gained 3.5 kg. in weight, and his metab- 
olism was found to be 27 per cent; below the normal for his weight and 
height, instead of 35 per cent, below when his emaciation was more 
extreme. 

These experiments on individuals indicate how a community may 
long support itself on restricted rations. 

SUMMARY 

Three cases of diabetes studied in the respiration calorimeter are 
reported. 

Case i . — A diabetic woman through prolonged fasting had been 
brought to a level of metabolism 37 per cent, below the standard level 
for her height and weight, a metabolism which was only 40 per cent. 
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at a temperature of 15.9 C. The dripping of water was then discon- 
tinued, and from this time the alcohol flame was the only source of 
water except for the bed and clothing and wall of the box. The rate 
of ventilation was then increased until the relative humidity had fallen 
to 27 per cent. The large amounts of water removed from the calor- 
imeter can be seen in Table 3. December 4, a complete alcohol check 
was made, but in addition, 20 c.c. extra water was dripped each hour 
on a small piece of asbestos in an enamel-ware plate over the lamp 
chimney. The amount of water recovered was from 1.5 to 2.6 gm. 
an hour less than the total vaporized. The bed and clothing, which 
had been exposed to comparatively dry air all night, continued to 
absorb some moisture for several hours after they were exposed to a 
greater, but uniform, humidity. In this experiment the average error 
in the water measurement was 6.7 per cent. It could perhaps be 
reduced to half of this if great care were taken to maintain an even 
humidity in the calorimeter room all night. This is difficult, but it is 
now being attempted. 


TABLE 3. — Moisture Tests 


Length of 
Period, 
Minutes 

mi 

H2O 

Removed, 

Gm. 

Errors, 
Gain or Doss, 
Gm. 

! 

Relative 
Humidity 
at End 
of 

Period 

1 

Remarks 

Nov. 17 

i 

i 



38 

Water dripped into box 

60 

63.0 

1 

26.0 

—28.0 

45 


60 

60.0 

26.0 

—24.0 

44 

Water dripped into box 

NovT 18 

.... 

i • • * • 


54 


30 

80.0 

16.0 

—14.0 

60 

Water dripped into box 

30 

8.0 

19.0 

+ 11.0 

57 

No extra water 

30 

0.0 

18.0 

+ 9.0 

54 

No extra water 

60 

10.0 

40.0 

+24.0 

33 

No extra water 

60 

17.0 

30.0 

+13.0 

29 

No extra water 

60 

17.0 

27.0 

+10.0 

27 

No extra water 

Dec. 4 

• ••• 

.... 


36 


60 

33.9 

32.4 

— 1.5 

37 

20 c.c. extra water drip- 






ped into box each hour 

60 

33.6 

30.9 

— 2.7 

38 


60 

33.2 

30.6 

— 2.6 

36 


, 


93.9 





The Sage calorimeter is probably much better adapted for the 
accurate determination of water vaporized than any other respiration 
chamber except the Middletown calorimeter, which was used for 
periods of several days. Even so, it is doubtful if it is much more 
accurate than 10 per cent, under ordinary conditions. 
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INTRODUCTION 

Few clinicians realize the importance of water in the metabolism, 
and few investigators appreciate the large errors in its measurement. 
Apparently, there is nothing easier to measure, and this has led many 
to publish results without careful controls as to accuracy. As a matter 
of fact, the technic of determining the water of vaporization is exceed- 
ingly difficult and there are few things more laborious than the estab- 
lishment of the water balance of a patient. 

Rubner has pointed out that a starving animal can lose practically 
all of his glycogen and fat and half of his body protein. If he loses 
about 10 per cent, of the water of his body he dies. In the clinic few 
attempts are made to measure the water balance of patients whose 
tissues are becoming dried on account of insufficient water intake in 
comparison with an increased output. With edematous patients it is 
the custom to measure the urine and the fluids of the food with the 
idea of determining the gain or loss - of water to the body. Such 
measurements are very incomplete, as will be shown by the accompany- 
ing example of a true balance sheet (Table 1). 

Clinicians allow the nurses to make a large error in neglecting the 
water content of the so-called solid foods. Let us take, for example, 
the following meal : A small dish of farina, a boiled potato, a portion 
of tomato and lettuce salad, a small dish of junket and an apple. ’This 
is a supper that might well be given a nephritic patient, but it contains 
about 690 gm. water, something over 23 ounces. 

* Submitted for publication Jan. 11, 1917. 

*From the Russell Sage Institute of Pathology, in affiliation with the Second 
Medical Division, Bellevue Hospital. 
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TABLE 4. — Water Elimination At IS C. 


: 

Weight, 

Gm. . 

-H-O per Kg. 
per Day 

Percentage 
ot Calories 
Lost in 
Vaporization 


m non 

19 fl 1 



30,000 

12.2 

20.5 


4,000 

11.5 

9.0 

Guinea-pig 

550 

11.3 

6.5 


Cramer 10 found that salt was excreted by the skin even .when the 
subjects were at rest in a room at low temperature and concluded that 
there was a continual secretion of insensible sweat. Nuttall 11 found 
that when a naked man was placed in a cabinet at a temperature of 
29 C., changes in the humidity between 12 and 63 per cent, had little 
influence on the amount of water removed by the apparatus. Wolpert 12 
found that light work scarcely increased the water elimination above 
the resting values, but that heavy work caused a large increase. He 
found that the variations in the humidity of air next to the body are 
limited by the clothing and are not as great as the variations in the 
outside air. When the air temperature was between 15 and 35 C., the 
wind from a fan diminished the water loss from the body ; above and 
below these points it increased the vaporization. Laschtschenko 18 
demonstrated that the drinking of two liters of water had no effect 
on the amount eliminated through skin and respiratory passages. 
Rubner 14 made some interesting determinations of the water eliminated 


10. Cramer: Ueber die Beziehung der Kleidung zur Hautthatigkeit, Arch, 
f. Hyg., 1890, 10 , 231. 

11. Nuttall: Ueber den Einfluss von Schwankungen in der relativen Feucht- 
igkeit der Luft auf die Wasserdampfabgabe der Haut, Arch. f. Hyg., 1895, 
23, 184. 

12. Wolpert: Ueber den Einfluss der Lufttemperatur auf die im Zustand 

anstrengender lcdrperlicher Arbeit ausgeschiedenen Mengen Kohlensaure und 
Waserdampf beim Menschen, Arch. f. Hyg., 1896, 26, 32; Ueber die Kohl- 
ensaure- und Wasserdampf- Ausscheidung des Menschen bei gewerblicher 
Arbeit und bei Rube, ibid., p. 68; Einfluss der Luftbewegung auf die Wasser- 
dampf- und Kohlensaure-Abgabe des Menschen, ibid., 1898, 33 , 206; Ueber den 
Einfluss des Windes auf die Atmungsgrosse des Menschen, Arch. f. Hyg., 1902, 
43 , 21; Ueber den Einfluss der Luftfeuchtigkeit auf den Arbeitenden, ibid., 
1899, 36 , 202. Wolpert and Peters: Die Tageskurve der Wasserdampfabgabe 
des Menschen, ibid,, 1906, 55 , 299. . - 

13. Laschtschenko: Ueber den Einfluss des Wassertrinkens auf Wasser- 
dampf- und CCL-Abg&be des Menschen, Arch. f. Hyg., 1898, 30 , 145. 

14. Rubner, M. : Notiz iiber die Wasserdampfausscheidung durch die Lunge, 
Arch. f. Hyg.. 1898, 33, 151. Rubner, M„ and Von Lewaschew: Ueber den 
Einfluss der Feuchtigkeitschwankungen unbewegter Luft auf den Menschen 
wahrend korperlicher Ruhe, ibid., 1897, 29 , 1 . 
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THE SOURCES OF ERROR IN TECHNIC 

It is a very simple matter to measure. the water vapor entering and 
leaving a respiration chamber in which a man or a part of his body 
is confined. The difference would represent the water vaporized from 
the body were it not for the fact that water clings to the walls and to 
the contents of every experimental cabinet. Surprisingly few investi- 
gators have taken the trouble to see just how much could be lost or 
gained in this manner. Stohman 1 called attention to the amount of 
water that could be absorbed by wood and painted metal. Atwater 
and Benedict 2 , tested the accuracy of the water determination of the 
Middletown calorimeter, and later the question was discussed in detail 
by Benedict, Riche and Emmes 3 and by Benedict, 4 who found that 
large amounts of water vapor could be removed from calorimeter walls 
and from clothes, bedding and other materials contained within them. 

In Papers 2 and 11 of this series it was shown by means of alcohol' 
checks that the Sage calorimeter measured very accurately the oxygen, 
carbon dioxid and heat, but gave an average error of more than 3 per 
cent, in the determination of the water produced by the flame. The 
amount of alcohol usually burned each hour gives off about as much 
heat and carbon dioxid as a man and consumes about the same amount 
of oxygen, but produces somewhat less than half the water vapor- 
ized by most of the subjects. As a result, the air in the box becomes 
drier and drier and the water vapor deposited on the tinned walls of 
the calorimeter, on the copper cooling pipes, on the glass windows and 
the small wooden parts of the air thermometers, is more or less com- 
pletely removed as the test progresses. During the first few hours of 
the experiment there may be a plus error of 0.5 to 1.0 gm. an hour, 
but later it seldom exceeds half a gram. When the wooden bed, pillow, 
folded sheet, night-shirt, socks and pajamas are in the calorimeter, 
astonishing amounts of water can be absorbed or given off, depending 
on the changes in the relative humidity of the air. In order to 
demonstrate this, three experiments were made. Nov. 17, 1916, the 
bed and clothing were placed in the calorimeter, the alcohol lamp was 
adjusted to burn the usual amount of alcohol per hour, and an arrange- 
ment was made by which known amounts of water could be dripped 
on a piece of muslin about a foot square, tacked on a small wooden 
frame. The total water vapor formed was estimated by adding the 

1. Stohman: Landwirthschaftliche Versuchsstationen, 1876, 19 , 81 and 159. 

2. Atwater, W. O., and Benedict, F. G.: A Respiration Calorimeter, Carnegie 
Institution of Washington, Pub. 42, 1905. 

3. Benedict, F. G., Riche, J. A., and Emmes, L. E. : Control Tests of a 
Respiration Calorimeter, Am. Jour. Physiol., 1910, 26, 1. 

4. Benedict, F. G. : A Comparison of the Direct and Indirect Determination 
of Oxygen Consumed by Man, Am. Jour. Physiol., 1910, 26, 15. 
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TABLE 5. — Apportionment of Heat Loss 


Radiation and conduction 

To warm inspired air 

Heat of urine and feces 

Water vaporized from lungs 

Water vaporized from skin 

Heat equivalent of external muscular work, 


Rest Work 


75.3 ; 45.5 


2.0 


0.7 


9.8 

12.2 


0.4 

43.6 


10.5 


TABLE 6. — Percentage of Calories Lost in Vaporization 


Condition of 

Activity 

Number of 
Subjects 

Heat 

Eliminated, 

Cals. 

Percentage 
of Calories 
Lost in 
Vaporization 

Rest 

5 

2,266 

23.8 

Moderate work 

2 

3,703 

30.9 

Severe work 

3 

4,813 

39.6 

Very severe work 

2 

8,225 

47.6 


Benedict, 19 in his first work on inanition, reviews the literature on 
the water elimination in fasting. He found that the greatest output 
took place in the waking hours, and that the amount of drinking water 
had no effect on the amount eliminated. Benedict calculates the water 
elimination from the lungs by estimating the volume of the lespired 
air and determining the amount of water required to raise its water 
content to saturation at body temperature. He found that in most 
experiments the water elimination from, the lungs was somewhat less 
than from the skin. In the second publication on inanition 19 it is pos- 
sible to follow the water elimination through a long period of fasting, 
the subject spending each night in a small bed calorimeter at a tem- 
perature of about 21 C. He calculates the water vaporized from the 
lungs as 9.6 to 10.7 gm. per hour, or from 40 to 65 per cent, of the total. 

Day of Fast 
1- 3 
17-20 
27-30 



Water Vaporized 

Relative Humidity 

Gm. 

52-63 

23-29 

39 

15-16 

42-49 

18-20 


19. See Note 17. 
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—Season 1915-1916 


Carbon Diosia 

Water 

R. Q. 







Theory, 

Pound, 

Error, 

Theory, 

Pound, 

Error, 

Theory, 

Gru. 

Gm. 

per Cent. 

Gm. 

Gm. 

per Cent. 

0.667 

21.9 

22.1 1 

+0.9 

wm r 


+4.8 

0.648 

21.3 

21.4 1 

+0.4 



+3.5 


22.0 

21.5 

—2.2 



-4-0.0 


20.9 

21.0 

+0.5 

-mam 


+0.5 


21.5 

21.5 

± 0.0 

14.4 | 

14.9 . 

+3.4 

0.662 

19.8 

19.7 

— 0.5 

12.9 j 

12.9 

-4-0.0 

0.664 

18.5 

1S.3 

— 1.0 

12.1 

12.4 

+2.4 


18.4 

18.4 

± 0.0 

12.1 

12.3 

+1.7 

0.657 

1S.9 

18.8 

— 0.5 

12.4 

12.5 

+0.S 

0.660 

21.2 

21.0 

- 0.9 

13.9 i 

14.0 

+0.7 

0.668 

21 .0 

90 9 

+ 2.7 

14.4 > 

14.6 

+1.4 

0.640 

22.0 

21.6 

— 1.8 

14.4 | 

14.1 

—2.0 

0.647 

21.6 

21.6 

±0.0 

14.2 j 

14.2 

± 0.0 

0.652 

20.6 

20.4 

—0.9 

13.5 I 

13.8 

+2.2 

0.658 

20.3 

I 20.1 

-0.9 

13.3 

13.5 

+1.5 

0.651 

2C.1 

! 20.0 

—0.5 

13.1 

13.5 

+3.0 

0.674 

20.3 

20.2 i 

j 

—0.5 

13.3 

13.6 

+2.2 

0.661 

21.2 

20.9 

—1.4 

13.9 

13.9 

-+ 0.0 

0.676 

21.1 

21.0 

+0.4 

13.8 

14.1 

+ 2.1 


20.0 

19.9 

— 0.5 

13.1 

13.3 

+ 1.5 

0.682 

20.8 

20.6 

! — 0.9 

13.6 

13.S 

1 + 1.4 

0.674 

21.0 

20.6 

, - 1.9 

13.7 

! 14.0 

i + 2.2 

0.664 

20.4 

20.4 1 

- 4 - 0.0 

13.3 

13.7 

, + 3.0 

0.666 

20.9 

20.8 

1 - 0.5 

13.6 

| 13.9 

+ 2.2 

0.672 

20.8 

20.6 

— 0.9 

13.5 

i 13.9 

+3.0 

j 

0.667 

1 

4. 78 

4.61 

—3.6 

2.98 

3.77 

! +26.0 

0.6S0 

4.42 

4.69 I 

+5.6 

2.89 

3.63 

1 +25.0 

0.662 

5.98 

5.99 

±0.0 

3.93 

4.16 

+ 6.0 

0.GSS 

5.06 

5.07 

+0.0 

3.26 

3.85 

+18.0 

0.677 

094 

22.3 

-0.4 

14.7 

1 15.0 

+2.0 


21,9 

21.7 

—0.9 

14.3 

14,5 

+1.4 


21.8 

21.5 

—1.3 

14.2 

14.5 

+2.1 

0.66 < 

22.0 

21.8 

—0.9 

14.4 

14.7 

+2.0 

1 

0.671 

47.0 

23.0 

? +0.6 

30.7 

15.4 

! 1 +« 

0.676 


24.1 



16.6 

! J 


23.6 

23.6 

±0.0 

15.4 

15.8 

+2.6 


23.5 

23.6 

+0.4 

15.4 

15.9 

: + 3.2 

1 


545.1 

542.8 

-0.42 

358.0 

367.1 

1 i 

j +2.51 



* In all tests the solution contained 92.92 per cent, by weight of ethyl alcohol. 


saturated and allowed to stand this way all night. The next morn- 
ing the calorimeter was opened and the muslin on its wooden frame 
placed on a copper plate over the chimney of the alcohol lamp. The 
lamp was lighted, and during the preliminary period of an hour and 
the first experimental period of thirty minutes, water was dripped 
on the muslin, raising the humidity to 60 per cent., at which point 
•there appeared the first dew on the polished pipe of the ingoing water 
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mined the rise in water elimination in typhoid fever after giving cer- 
tain standard diets and followed the results in various stages of the 
disease. He concludes that with a rising temperature the vaporization 
from the skin is at the lower normal limit. With a continued tem- 
perature it. is somewhat raised, and with a falling temperature it is 
“active” in proportion to the fall in temperature. In the course of a 
long-continued fever it becomes gradually smaller. Loewy and Wech- 
selman 27 have made an important contribution in the study of three 
men born without sweat glands. Although they could not sweat, even 
when exposed to great heat, they were able at ordinary temperatures 
to lose as much water through the skin as normal controls. Loewy 28 
continued the work with normal adults, children, patients with ichthy- 
osis and two who were paralyzed. He found that different parts of the 
body gave off different amounts per square meter of surface, and that 
the same part showed large variations at different times. Anything 
that lowered the temperature of the skin decreased the water elimina- 
tion. He believes that the insensible perspiration at ordinary temper- 
atures is due to a physical vaporization through the outer skin and not 
to a secretion of the sweat glands. He confirmed the older observa- 
tion of Unna that fat rubbed on the skin diminishes the water loss. 

Lang 29 studied the influence of food and of tuberculin fever on the 
water elimination. He gives a good review of the Russian literature. 

Staehelin, 30 musing a Jaquet respiration apparatus, determined the 
heat production and water elimination in the night after various stan- 
dard meals. The percentage of calories lost in vaporization was 
between 18 and 21 in basal and food experiments. A well planned 
experiment on a tuberculous patient with nightsweats was almost 
spoiled by the restlessness of the subject. Niemann 31 gives figures 
showing the water of vaporization of babies. This determination must 
present unusual technical difficulties. 

Magnus-Levy 32 calculates the amount of water formed in the 
oxidation of the various foodstuffs as follows : 

27. Loewy and Wechselman: Zur Physiologie und Pathologie des Wasser- 
wechsels und der Warmerregulation seitens des Hautorgans, Virchows Arch. f. 
path. Anat., 1911, 206 , 79. 

28. Loewy, A. : Untersuchungen iiber die physikalische Hautwasserabgabe, 

Biochem. Ztschr., 1914, 67 , 243. _ 

29. Lang: Beobachtungen iiber die Wasserausscheidung durch Haut und 
Lungen unter den Einfluss des Fiebers, Deutsch. Arch. f. Win. Med., 1904, 79 , 343. 

30. Staehelin : Versuche iiber Gaswechsel und Energieverbrauch nach 
Nahrungsaufnahme, Ztschr. f. klin. Med., 1906, 66, 201 ; Der respiratonsche 
Stoffwechsel eines Phthisikers wahrend des Nachtschweisses, ibid., 1906, 66, 241. 

31. Niemann: Der respiratorische Gaswechsel in Sauglingsalter, Ergebn. der 

inn. Med. u. Kinderh., 1913, 11 , 32. . 

32. Magnus-Levy, A.: In von Noorden’s Handbuch der Pathologie des 

Stoffwechsels, Berlin, 1906, 1, 424. 
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REVIEW OF THE LITERATURE 

In reading over the many publications on the subject of water 
vaporization we must bear in mind the large technical errors found in 
all types of apparatus. Some investigators took the trouble to weigh 
the clothing of their subjects before and after the experiment, but 
could not weigh the experimental chamber and its furniture. Some 
made the error of drying the cabinet before an experiment, not realiz- 
ing that water could be lost with a rising humidity. Some have even 
expressed their results in six significant figures, when it is doubtful 
if the second figure was accurate. 

The older work on vaporization ’ is well reviewed by Rubner, 5 
Magnus-Tevy 6 and Tigerstedt. 7 In 1866 Pettenkofer and Voit 8 found 
that the water elimination of a fasting man was 814 to 829 gm. a day. 
Voit’s pupil, Rubner, made a very thorough study of the question, 
and with his assistants published a series of papers which are of great 
importance. Their value is increased by the fact that they were pro- 
duced in the same laboratory with comparable experimental methods. 
Rubner 9 first studied guinea-pigs and dogs, using a small Pettenkofer- 
Voit chamber and an air calorimeter. He found that animals gave ofif 
much more water in dry than in moist air, a drop in the relative 
humidity from 69 to 31 per cent, increasing the water elimination from 
skin and lungs twofold or threefold. W ater elimination in guinea-pigs 
increased as the temperature of the air was raised above 15 C. ; in dogs 
it increased with temperatures above 7 C. When the dogs were given 
meat, thus increasing the heat production, the water elimination was 
not affected when the surrounding air was cool, but was markedly 
increased when the air was warm. Rubner found that for different 
animals the water elimination was not proportional to surface area, 
but was nearly proportional to body weight. He concludes, also, that 
variations in the humidity of the air do not affect the metabolism of 
protein and fat, and cause no significant change in the total heat pro- 
duction. Increasing moisture in the air diminishes the heat loss through 
vaporization, but correspondingly increases the heat loss through radia- 
tion and conduction. 

5. Rubner, M. : Die Gesetze des Energieverbrauchs bei der Ernahrung, 
Leipzig, 1902; Lehrbuch der Hygiene, Leipzig, 1907. 

6. Magnus-Levj', A.: In von Noorden’s Handbuch der Pathologie des 
Stoffwechsels, Berlin, 1906, 1. 

7. Tigerstedt, R.: Warmeverlust des Korpers, in Nagel’s Handbuch der 
Physiologie des Menschen, Braunschweig, 1909, 1, 581. 

8. Pettenkofer, M., and Voit, C. : Untersuchungen liber den Stoffverbrauch 
des normalen Menschen, Ztschr. f. Biol., 1866, 2, 478. 

9. Rubner, M. : Die Beziehung der atmospharischen Feuchtigkeit zur Wasser- 
dampfabgabe, Arch. f. Hyg., 1890, 11 , 137; Stoffzerzetzung und Schwankungen 
der Luftfeuchtigkeit, ibid., p. 243; Thermische Wirkungen der Luftfeuchtigkeit, 
ibid., p. 255. 
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group of observations furnishes so much information as to the water 
vaporized from skin and respiratory passages in disease. The inter- 
pretation of the results must be made with great care on account of 
the unavoidable technical error. 

At the very beginning we must put aside certain experiments and 
exclude them from the tables used in obtaining averages. The first to 
be ruled out are those in which the water elimination was so great 
that there was a condensation of moisture on the cold-water pipes. 
In this group we find a number of experiments on hyperthyroidism, 
dyspneic conditions and typhoid fever with falling temperature. These 
are just the cases in which we should like most to measure the increased 
percentage of calories lost in vaporization. We must also exclude a 
few cases with very low water output, because the humidity diminished 
so rapidly. It seems best to retain only the observations in which the 
relative humidity did not change more than 10 per cent, and did not 
approach the point of condensation on the cold pipes. This leaves us 
175 satisfactory experiments. Using these, we can compare the nor- 
mal controls and various groups of patients, because they were studied 
under certain standard conditions which tend to make the errors con- 
stant, thus allowing us to compare the results. These conditions are 
as follows: 

The open calorimeter containing the bed, described in Paper 11, is kept 
at a temperature of 23 to 24 C. on the night before each experiment, the 
relative humidity of the air during most of the year being rather low, 15 to 
40 per cent. At about half past 9 in the morning the subject is dressed in 
nightshirt, thick cotton pajamas and two pairs of socks; one pair cotton, one 
•woolen. At about half past 10 he is placed in the calorimeter, the apparatus 
sealed, and the ventilation adjusted at a rate suitable to the estimated heat 
production. About an hour later the experiment is started. Dyring this pre- 
liminary period the humidity usually rises 10 to 20 per cent., and, after the 
experiment has begun, continues to increase very slowly. 

Before October, 1916, the Crowell blower used on the absorber 
table could not give a rate of ventilation higher than 70 liters per 
minute, and this was not sufficient to prevent a slight increase in 
humidity as the experiment progressed. If the subject had a very 
high metabolism and water elimination, the humidity would increase 
to 60 to 70 per cent., at which point there would be a condensation on 
the pipe which contained the ingoing water at a temperature of 13 to 
16 centigrade. 

In the summer of 1916 a Lehman Brothers’ blower was installed. 
With this it is possible to obtain any rate of ventilation between 50 
and 90 liters a minute. Higher speed would be impracticable with the 
present system of absorbing bottles. Using this new blower, it is pos- 
sible to remove 50 to 60 gm. of water an hour and prevent condensa- 
tion. It is also possible to maintain a low and absolutely uniform 
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in the breath during various activities. The subject gave off 17 gm. 
an hour when quiet, 19 gm. when breathing degply, 28 gm., reading, 
and 34 gm. singing. Schattenfroh 15 found that a fat man gave off 
much more water than a thin man in work experiments, and that with 
an air temperature of 38 C. and relative humidity of 63 per cent., the 
heat elimination was not sufficient to prevent a rise of body tempera- 
ture. Rubner 16 makes some important calculations as to the amount 
of water a man in the tropics must drink in order to provide enough 
urine to dissolve the urea and also enough sweat to keep the man cool. 
It is obvious that with an air temperature of 38 C. or higher, vaporiza- 
tion is the only means of dissipating heat from the body. In order 
that heat may be dissipated, a man requires 4,400 gm. of water on the 
ordinary European diet, if producing 2,400 calories per day. On an 
exclusive meat diet he would require 7,600 gm. of water. 

A large amount of data in regard to the water elimination of man 
can be found in the publications of Atwater, Benedict and their asso- 
ciates. 17 These investigators used a large Atwater-Rosa calorimeter 
in which a man lived for periods of half a day to two weeks. The 
experiments were not planned as a study of the water elimination, but 
they are of great value on account of their length and completeness. 

The results are summarized by Benedict and Carpenter is who have 
corrected some miscalculations of the earlier publication. The tem- 
perature of the calorimeter was about 20 C., and the humidity in thq 
rest experiments comparatively low. In the work experiments, how- 
ever, the rate of ventilation was not sufficient to prevent a rise in 
humidity until it reached a point where there was condensation on the 
cold-water pipes in the ceiling. These helped to remove the moisture 
from the air and the water which dripped from them was collected and 
weighed by the subject of the experiment. The relative importance of 
the various channels of heat loss are calculated by Benedict and Car- 
penter and also the changing percentage of calories lost in vaporiza- 
tion with different degrees of muscular activity. 

15. Schattenfroh: Respirationsversuche an einen fetten Versuchsperson, 
Arch. f. Hyg., 1900, 38, 93, • 

16. Rubner, M. : Vergleichende Untersuchung der Hautthatigkeit des 
Europaers und Negers, nebst Bemerkungen zur Ernahrung in hochwarmen 
Klimaten, Arch. f. Hyg., 1900, 38, 148. 

17. Atwater, W. O., and Benedict, F. G. : Experiments on the Metabolism 
of Matter and Energy in the Human Body, U. S. Dept, of Agriculture, Bull. 
136, 1903, pp. 95 and 134. Benedict, F. G. : The Influence of Inanition on 
Metabolism, Carnegie Institution of Washington, Pub. 77, 1907. Benedict, F, G„ 
and Carpenter, T. M. : The Metabolism and Energy Transformations of Healthy 
Man During Rest, ibid., Pub. 126, 1910. Benedict, F. G. : A Study of Prolonged 
Fasting, ibid., Pub. 203, 1915. 

18. See Note 17. 
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TABLE 7 . — Normal Controls 


Name 

Date 

Details 

Pub- 

lished 

in 

Paper 

Relative 

Humidity 

HsO, 
Gm. per 
Hour 

Per Cent 
Calories 
Lost in 
Vapori- 
zation 

Remarks 

Start 

End 

E. P. D. B 

3/13/13 

4 

50 

54 

27 

21 

Basal experiments 


D/17/13 

4 

52 

45 

32 

26 



3/30/14 

4 

87 

39 

31 

23 



5/18/14 

4 

35 

37 

28 

24 



5/ 0/15 

11 

38 

35 

32 

26 



5/ 7/15 

11 

j 44 

36 

33 

26 



4/12/16 

20 

43 

44 

32 

23 



4/26/16 

20 

41 

40 

30 

27 


John L 

3/26/14 

11 

36 

30 

25 

24 



4/ 3/14 

11 

28 

30 

24 

23 


Charles M 

5/ 4/14 ; 

4 

36 

34 

28 

23 


Albert G 

12/21/14 ! 

11 

34 

36 

32 

26 



12/23/14 j 

11 

25 

32 1 

26 

24 



12/28/14 ' 

11 

29 

30 

26 

21 



1/ 8/15 j 

11 j 

32 

37 

29 

25 



1/ 9/15 ! 

ii ! 

38 

38 

33 

28 

, 

Richard S 

4/19/15 , 

u 

36 

82 

26 

21 



4/21/15 

H 

32 

30 

25 

20 


Morris S 

12/17/14 

13 

27 

33 

27 

23 


A. F. 0 

1/21/15 ' 

13 

31 

33 

27 

26 

* 

J.3.M 

4/21/16 | 

20 

40 

41 

34 

25 


J. C. P 

4/27/16 

20 

41 

34 

28 

22 



11/10/16 i 

Unpub. 

35 

27 

25 

21 



11/13/16 I 

Unpub. 

38 

33 

29 

24 


J. C. A 

1/29/16 

20 

38 

36 

30 

23 


S. K 

5/16/16 ; 

21 

39 

32 

27 

28 


G. F. B 

5/23/16 ' 

21 

42 

37 

29 

26 


Average 



•• 

• • 


29 

24 


Emma W 

C/13/15 j 

13 

43 

35 

30 

34 

Normal woman 


5/17/15 | 

13 

38 

34 

29 

33 



amounts of dextrose or protein, thus increasing the heat production 
(Table 8). In a few cases the water elimination rose to such an extent 
that the ventilating current could not prevent a condensation on the 
pipes. In the majority of cases the table shows that the increase in 
water was merely proportional to the rise in total heat production. It 
will be noted that large doses of caffein caused a slight rise in the 
water of vaporization (Table 9). 
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Benedict and Joslin 21 studied a number of diabetics in the same 
calorimeter and give the following figures for the percentage of calories 
lost in vaporization: 

Per Cent. 


9 Normal controls 22.5 

4 Severe diabetes 24.0 

3 Light diabetes 22.1 


In addition to the series of papers from the laboratories of Rubner 
and Benedict there have been a large number of scattered publications 
dealing with the water of vaporization. Only a few can be reviewed 
in this communication. Janssen, 22 in 1883, studied the water elimina- 
tion from the arms and legs of normals and nephritics and found that 
vaporization was increased over edematous parts. Masje 23 investi- 
gated the radiation of heat from small areas of skin in different parts 
of the bocfy. Erismann 24 placed the arm in a box and determined the. 
influence of various factors. Von Willebrand 25 used a cabinet which 
collected the moisture from the skin only, the head of the subject pro- 
jecting out of the apparatus. With a relative humidity of 40 to 50 per 
cent, and a temperature of 12 C., 10.5 gm. water per hour were given 
off by the skin; at 18 C., 13 to 18 gm. ; at 28 C., 26 to 27 gm. There 
was a sudden outbreak of sweat in one case when the temperature 
reached 30 C. ; in the other man, when it rose to 33.5 C. The carbon 
dioxid elimination from the skin was constant at 0.2 to 0.4 gm. per 
hour until the outbreak of sweat, when there was a marked rise in the 
elimination of this gas. Von Willebrand concludes that before the 
outbreak of visible sweat the so-called insensible perspiration was 
chiefly vaporization from the outer layers of the skin and not the 
secretion of the sweat glands. Schwenkenbecker 20 used a similar form 
of apparatus and confirmed the work of von Willebrand on normals. 
He studied patients with exophthalmic goiter, tuberculosis, nephritis, 
diabetes, pneumonia, ichthyosis and several other conditions. He deter- 

21. Benedict, F. G., and Joslin, E. P. : Metabolism in Diabetes Mellitus, 
Carnegie Institution of Washington, Pub. 136, 1910. 

22. Janssen : Die Hautperspiration beim gesunden Menschen und bei 
Nephritikern, Deutsch. Arch. f. klin. Med., 1883, 33, 334. 

23. Masje: Untersuchungen iiber die Warmestrahlung des menschlichen 
Korpers, Arch. f. path. Anat., 1887, 17, 267. 

24. Erismann, E. : Zur Physiologie der Wasserverdunstung von der Haut, 
Ztschr. f. Biol., 1875, 11, 1. 

25. Von Willebrand, E. A ; : Ueber die Kohlensaure- und Wasserausscheidung 
durch die Haut des Menschen, Skand. Arch. f. Physiol., 1902, 13, 337. 

26. Schwenkenbecker, Dr.: Ueber die Ausscheidung des Wassers durch die 
Haut von Gesunden und Kranken, Deutsch. Arch. f. klin. Med., 1904, 79, 29. 
Schwenkenbecker and Tuteur: Wie reagiert der fiebernde Mensch auf eine 
willkurliche Steigerung seiner Warmebildung? Arch. f. exper. Path. u. 
Pharmakol., 1907, 57, 285. Schwenkenbecker and Inagaki : Ueber die Schweis- 
sekretion im Fieber, ibid., 1905, 53, 365. 
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With the boys 12 and 13 years old it was possible to maintain a 
very even humidity. Their water elimination was close to the upper 
limit of the normal adults (Table 10). The group of very old men 
gave almost exactly the same figure (Table 11). The rate of ventila- 
lation was better suited to the low heat production of the boys and old 
men than to the greater caloric output of the men in the prime of life. 
A proportional ventilation might have brought the figures even closer 
together. Two of the dwarfs, Raphael de P. and Pat W., showed no 
thyroid involvement. These, grouped with the two legless men, gave 
the same average as the men of normal shape and size (Table 12). 
The other three dwarfs, with symptoms of hypothyroidism, showed a 
slight diminution of water elimination. 


TABLE 11. — Very Old Men 


Name 

Date 

1 

Details 

Pub- 

lished 

i in • 

1 Paper 

Relative 

Humidity 

H 2 O, 
Gm. per 
Hour 

Per Cent. 
Calories 
Dost in 
Vapori- 
zation 

Remarks 

1 

| Start 

i 

End 

Andrew O’ Cl 

6/ 8/16 

1S> 

44 

40 

34 

28 

Oid man 

Henry L 

3/13116 

19 

39 

48 

33 

26 

Old man 

Charles H 

5/ 3/1G 

19 

38 

1 

34 

27 

28 

Old man 

Oharles W 

5/ 4/16 

19 

40 

34 

26 

29 

Old man 

William C 

3/ 2/16 

19 

27 

32 

24 

23 

Old man 

JobnB 

11/ 4/16 

19 

24 

; 27 

22 

26 

Old man 

Average 


•• 

•• 

• 

28 

27 

. 


TABLE 12. — Dwarfs and Legless Men 


Name 

Date 

' 

Details 

Pub- 

lished 

in 

Paper 

Relative 

Humidity 

, 

HrO, 
Gm. per 
Hour 

- 

Percent. 
Calories 
Lost in 
Vapori- 
| zation 

: 

Remarks 

1 

Start 

End 

Robert L 

12/ 9/14 

21 

30 

29 

24 

I 

! 

24 

! 

Legless man 

Harry J 

12/11/14 

21 

29 

27 

25 

24 

Legless man 

Harry J 

6/ 6/16 

21 

35 

32 

25 

28 

Legless man 

Raphael DeP. ... 

3/15/16 

21 

30 

33 1 

22 

25 

Achondroplastic 

dwarf 

Patrick W 

3/24/16 

21 

22 

29 1 

17 

20 I 

Rachitic dwarf 

George F 

1/ 7/16 

21 

i 

20 

20 

1 

16 

1 

20 i 

Pituitary dwarf; 

cretin (?) 

Erwin E 

3/ 6/16 

21 

16 

17 

13 

21 

Cretin (?) 

Benjamin L j 

4/10/14 

14 

21 

20 

11 

21 

Cretin 


4/23/14 

14 

19 

18 

f 

11 

24 

Cretin 
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100 gm. fat give . . . 
100 gm. starch give 
100 gm. protein give 
100 gm. alcohol give 


Gm. For 100 Calories 


107.1 

5S.5 

41.3 

117.4 


11.31 

13.3 f Av. 11.3 
9.3 


On the ordinary mixed diet of 2,500 calories we should, therefore, 
obtain about 300 gm. water from the oxidation of the hydrogen in the 
foods. 

The extensive literature on the vaporization of water in fever is not 
reviewed, but will be discussed in a later communication. 


METHODS USED 

The Sage calorimeter was built primarily to determine the oxygen 
consumption, carbon dioxid elimination and total heat production. 
This latter, as determined by the method of direct calorimetry, is the 
algebraic sum of the heat of radiation and conduction, the heat stored 
in or lost from the body as the temperature rises or falls, and the heat 
rendered latent in the vaporization of water. The air within the 
calorimeter in all the experiments is between 22 and 24 C., and at this 
temperature the vaporization of 1 gm. of water requires 0.584 calories. 
If 1 gm. of water is condensed, the same amount of heat is liberated. 
For this reason the calorimeter measures accurately the total heat 
eliminated from the subject, even though some of the water vaporized 
by the skin be deposited on the walls, pipes or bedding. In such a case, 
part of the calories which are actually lost from the body by the 
vaporization of water are transferred to the column of “radiation and 
conduction.” Fortunately, this error is not very large until the 
humidity reaches a point near 60 per cent., when there is condensation 
of visible dew on the pipes in the ceiling. The water enters these at a 
temperature of 13 to 16 C. and leaves them 2 to 4 degrees higher, 
removing in this manner the heat of radiation and conduction. Their 
surface area is great and they condense large amounts of moisture 
from the air when it is saturated at their temperature. 

Sometimes the patient is sealed in the calorimeter when the walls 
and bedding have stood in air at a certain degree of humidity, and 
then the air is made drier by excessive ventilation. This removes not 
only the water vaporized from the body, but also a certain amount of 
moisture from the bedding, etc. More frequently, the humidity rises 
and moisture is absorbed by the contents of the calorimeter. The 
subject has been discussed under the heading of “Sources of Error in 
Technic.” 

We find ourselves, then, with about 300 experiments on patients 
and normal controls in which the water vapor removed in the venti- 
lating current of air had been determined in hourly periods. No other 
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this reason many typhoid experiments are excluded, leaving only those 
in which the water output was relatively low. If we group those 
experiments in Table 13 in which the temperature rose 0.3 to 1.0 C., 
we find the water elimination was decreased to the lower normal limits, 
22 per cent. With a temperature that is stationary or changing only 
0.2 C. in three hours, the vaporization is about the same as that of 
normal men, 24 per cent. With a falling temperature there is an 
increase which may be very marked. After the first week in con- 
valescence the average figure is low, 21 per cent. The findings of 
Schwenkenbecker 33 are confirmed. 


TABLE 14. — Patients with Exophthalmic Goiter 


1 

Name 

Date 

Details 

Pub- 

lished 

in 

Paper 

• Relative 
Humidity 

HsO, 
Gm. per 
Hour 

Per Cent. 
Calories 
Lost in 
Vapori- 
zation 

Remarks ' 

Start 

End 

Max W 

3/23/14 

14 

39 

4S 

36 

22 

Severe hyperthyroid- 



1 





isin 


4/ 6/14 

14 ! 

3S 

54 

35 

21 



4/24/14 

14 1 

46 

55 

37 

20 


Edwin T 

3/ 0/15 1 

14 l 

49 

42 

35 

25 . 

Acute, moderately 








severe 


3/10/15 

14 ! 

39 

40 

31 

25 



3/22/15 

I 

14 

47 

51 

38 

26 


James McE 

3/12/15 

14 

53 

54 

43 

27 

Severe 


3/31/15 

14 | 

32 

39 

32 

21 


G.S.L 

4/ 9/14 

14 j 

37 

43 

30 

A 

Severe 


4/10/14 

14 I 

1 46 

53 

87 

\ 5:1 


Peter N 

4/14/15 

14 

i 35 

35 

28 

22 

Atypical 

Anna R 1 

5/10/13 

14 

j 44 

54 1 

32 1 

30 

Moderately severe 


5/14/14 

14 

i 40 

38 

30 

25 


Sarah M 

• 4/29/14 

14 

l M 

50 • 

38 

30 

Mild 

Marion E 

2/ 5/15 

14 

40 

47 

36 

26 

Mild 

Margaret L 

4/20/14 

14 

55 

54 

41 

29 

Atypical 

Bessie H 

4/ 8/14 

14 

33 

35 

■27 

26 

Atypical 


4/13/14 

14 

25 

30 

21 

22 

Atypical 


4/18/14 

14 

32 

32 

23 

26 

Atypical 


Very recently some experiments have been made on erysipelas 
patients, using the improved system of ventilation made possible by the 
new Lehman blower. In one case the body temperature fell 1.2 C. in 
eight hours, and the percentage of calories lost in vaporization was 27. 

33. Schwenkenbecker and Inagaki: Ueber die Schweissekretion im Fieber, 
Arch. f. exper. Path. u. Pharmakol., 1905, 53, 365. 
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humidity with a normal subject, regulating the ventilation according 
to the reading of a small hair hygrometer suspended just inside the 
window of the calorimeter. An experiment performed on E. F. D. B., 
Dec.- 17, 1916, using the newer experimental conditions, in which the 
humidity was maintained very 'constant, showed that he gave oft* 
37 gm. of water an hour, losing in this manner 29 per cent, of his 
calories. With the old blower and lower rate of ventilation and 
increasing humidity, an average of 31 gm. was removed per hour, and 
the apparent percentage loss in vaporization was 25 per cent. 

An effort has been made to keep the tables expressing the results 
as small as possible. Only those experiments are used which have 
already been described in detail, and the first three columns enable one 
to find the paper of this series in which the data have been published. 
The relative humidity at the start and finish of each experiment was 
determined by passing 10 liters of air through a U-tube containing 
concentrated sulphuric acid. The actual weight of water removed 
from the calorimeter was determined by weighing the large Williams’ 
bottles half filled with sulphuric acid. Finally, the percentage of 
calories lost in vaporization was calculated, using the method of direct 
calorimetry to obtain the total calories. Since the latent heat of 
vaporization enters into the direct calorimetry, it seemed advisable to 
use this method of total heat production instead of the method of 
indirect calorimetry which, after all, gives almost identical results in 
every group of experiments. Comparisons between various groups 
are made in the terms of percentage of heat lost in vaporization. This 
had been the standard method of Atwater and Benedict, and it is the 
logical method, since- the chief function of the vaporization of water 
is the removal of a certain proportion of the heat produced within the 
body. We might express the findings in terms of grams of water per 
kilogram, or square meter of surface area, but this would be of no 
particular significance in those conditions in which the total metabolism 
is increased or decreased. 

WATER ELIMINATION OF NORMAL MEN UNDER STANDARD 

CONDITIONS 

Thirteen normal men were studied in twenty-nine experiments 
under the standard conditions (Table 7). They gave off an average 
of 29 gm. of water an hour, and lost in this manner an average of 
24 per cent, of their calories. The percentage figures all come between 
21 and 28, and these extremes may be considered as representing 
roughly the normal limits for the given conditions. It is interesting to 
note that the only woman studied gave off much more water. This 
may have been the result of different clothing. 

Some of the normal men were given meals containing various 



952 


THE ARCHIVES OF INTERNAL MEDICINE 
TABLE' 16. — Cahdionephritic Patients 


Name 


Date 


Armon W. 
Fred D 


Edward M. 
Charles L. . 
Bure! P. ... 
August P. . 
Wililam S. . 
George M. . 


David K. 


William A. 


Theodore S. 


2/13/15 

2/15/15 

2/23/15 

2/17/15 

2/19/15 

3/24/15 

5/ 1/15 

2/10/15 

4/ 7/13 

3/24/14 

if 4/14 

3/21/13 

3/24/13 

1/25/15 

1/27/15 

1/28/14 

1/30/14 

2/ 9/14 


Details 

Pub- 

lished 

in 

Paper 

Relative 

Humidity 

H 2 O 1 

Per Cent, 
Calories 
Dost in 
Vapori- 
sation 

Remarks . 

Start 

End 

umi* pci 

Hour 

10 

31 

i 

34 

i 

; 28 

23 

Mitral disease; fibril- 
lation 

36 

44 

45 

37 

j 29 

Mitral disease; de- 
compensated 

16 

34 

, 31 

25 

26 

1 

Mitral disease; com- 
pensated 

16 

44 

j 42 

37 

25 

Mitral disease; fibril- 
lation 

16 

: 38 

; 48 

37 

: 24 

Valvular disease; 
nephritis 

10 

40 

30 

32 

23 

Valvular disease 

16 

34 

31 

J 26 

31 

Nephritis; fibrilla- 
tion 

16 

25 

| 

29 

24 

21 

Adherent periear- 

1 dium 

Chronic nephritis 

16 

45 1 

1 

40 

24 

24 

16 i 

30 i 

32 

24 

25 


16 j 

27 i 

29 j 

23 

23 


16 

55 

52 | 

36 

24 

Chronic nephritis 

16 j 

49 

50 

28 

23 

• 

16 j 

34 

35 

33 

28 

Aortic insufficiency 

16 j 

44 

36 

32 

27- 


16 

56 

54 

i 

39 

29 

Mitral stenosis; fib-' 
rillation 

16 

52 

56 { 

37 

29 


16 

31 

35 | 

i 

22 

24 

• 


Cardionephritic and Nephritic Patients . — The results obtained in a 
series of patients in which the cardiac element predominated over the 
nephritic are given in Table 16. It will be seen that the water elimina- 
tion was increased above the normal in almost all who suffered from 
moderately severe dyspnea, and in several of those with slight or no 
dyspnea. We should expect the increased rate of ventilation of the 
lungs to remove more water by vaporization, but it is quite possible 
that the skin is also more active. The average for the whole group 
was 26 per cent. 

The results in fourteen experiments on nephritic patients are 
grouped in Table 17. The average figure, 23 per cent., is only slightly 
below the standard. It is instructive to group the findings according 
to the leading symptoms (Table 18). 

Since the dyspnea must increase the vaporization from the. lungs, 
we are forced to believe that there is a slight diminution in the water 
elimination from the skin in severe nephritis. Still we must remember 
that the total eliminated in vaporization is the same as in the case of a 
normal man.- The waterlogged patient whose kidneys excrete perhaps 
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TABLE 8. — Normal Men. Heat Production Increased by Giving 

Dextrose or Protein 


Name 

Date 

Details 

Pub- 

lished 

in 

Paper 

Relative 

Humidity 

HsO, 
Gm. per 
Hour 

Percent. 
Calories 
Dost in ! 
Vapori- I 
zation 

i 

Remarks 

Start 

End 

E. F. D. B 

a 1/14 

4 

37 

41 

1 

32 

23 

After 10.5 gm. N. 


5/ S/14 

4 

43 

41 

33 

25 

After 200 gm. dex- 






1 


trose 


5/15/14 

4 

36 

38 

30 

23 

After 200 gm. dex- 








trose 

Charles SI 

5/ 6/14 

4 

45 

41 

33 

26 

After 200 gm. dex- 








trose 

Albert G 

1/ 4/15 

13 

29 

35 

31 

21 



1/ 6/15 

13 

35 

38 

33 

26 


Slorris S 

12/18/14 

| 13 

30 

34 

32 

25 

After 9.66 gm. N. 

S. K 

5/12/16 

21 

29 

35 

25 

23 

After 22 gm. N. 

Average 


•• 


1 

! 32 

• 

23 



TABLE 9. — Normal Men After 

Caffein 



! Details 

! 

Relative 


Per Cent. 

I 



Pub- 

Humidity 

H=0, 

Calories 

i 

Name 

Date 

lished 



Gm. per 

Lost in 




in 



Hour 

Vapori- 

j Remarks 



Paper 

Start 

End 


zation 

1 

1 

E. E. D. B 

4/12/16 

20 

44 

50 

37 

26 

1 

i Caffein 


4/25/16 

20 

40 

42 

34 

25 . 

j Caffein 

J. H. SI 

4/21/16 

20 

41 

53 

40 j 

25 j 

Caffein 

J. C. F 

4/27/16 

20 

34 

38 

38 

28 

Caffein 

J. C. A 

4/29/16 

20 

36 

39 

35 

28 

Caffein 

Average. 


•• 

-- 

•• 

36 

26 



TABLE 10. — Boys Aged 12 and 1 3 


Name 

Pate 

Details 

Pub- 

lished 

in 

Paper 


H 2 O, 
Gm. per 
Hour 

Per Cent. 
Calories 
Lost in 
Vapori- 
zation 

1 

Remarks 

Start 

End 

1 

Fabian R. S 

3/20/15 

12 

33 

i 

33 

29 

28 

Basal 

J. D. D. B 

3/26/15 

12 

33 

32 

26 

26 

Basal 

Raymond M 

4/ 3/15 

12 

32 

34 

26 

27 

Basal 

Reginald F 

4/ 5/15 

12 

37 

36 

28 

j. 27 

Basal 

Henry B 

4/ 6/15 

12 

39 

3S 

33 

32 

Basal 

Harry K 

4/ 7/15 

12 

32 

37 

27 

27 

Basal 

Arthur A 

4/ 8/15 

12 

26 

24 

22 

22 

Basal 

Leslie B 

4/ 9/15 

12 

30 

28 

23 

27 

Basal 









Average 
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his associates repeatedly emphasize the depressing effects of moist 
warm air and the comparative stimulation of dry air. 

Diabetes . — In nine out of a total of twenty-nine basal experiments 
in severe and mild diabetes the percentage of calories lost in vaporiza- 
tion was within normal limits. In ten, the figures were above normal ; 
in nine, below. We must remember that the extremely low metabolism 

TABLE 19. — Diabetes 




Details 

Relative 


PerCent 




Pub- 

Humidity 

HcO, 

Calories 


Name 

Date 

lished 



Gra. per 

Lost in 

Remarks 





in 



Hour 

’ Vapori- 




Paper 

Start 

End 


zation 


Gerald S 

11/ 9/14 

17 

24 

25 

21 


Severe, D:N 1.53 


11/12/14 

17 

26 

28 

24 

27 

Severe, second fast 







day 


11/14/14 

17 

20 

22 

18 

23 

Severe, fourth fast 







day; body dried 


11/16/14 

17 

39 

30 

28 

35 

Severe, sixth fast 







day; body dried 


11 / 18/14 

17 

15 

17 

14 • 

25 

Severe, eighth fast 







day; body dried 


11/23/14 

17 

15 

17 

13 

21 

5th day of feeding; 







beginning edema 


11/24/14 

17 

15 

17 

14 

22 

Gth day of feeding; 







slight edema 


11/25/14 

t 

17 

18 

18 

15 j 

25 

7th day of feeding; 







slight edema 


11/30/14 | 

17 

28 

25 

21 

29 

Convalescent 


12/ 2/14 

17 

30 

27 

24 , 

36 

Convalescent 


12/ 4/14 

17 

22 

22 

19 j 

24 

Convalescent 


12/ 7/14 

17 

22 

22 

15 ; 

24 

Convalescent 

William G 

1/11/15 

17 

21 

20 

10 

22 

Sugar-free; emaci- 
ated 

D:N 3.8; emaciated 


1/15/15 ; 

17 

32 

31 

24 

31 


1/22/15 i 

17 

19 

21 

18 

21 

D:N 3.12; emaciated 

Joseph U 

2/ 1/15 ! 

17 

24 

21 

18 

29 

Sugar-free; emaci- 
ated 

Edward M 

10/30/14 ; 

17 

31 

32 

26 

27 

"Well nourished 

Felix K 

2/11/14 

17 

33 

32 

22 

20 

Sugar-free 

• 

2/26/14 ; 

17 

25 

31 

20 

16 

Sugar-free 


3/20/14 

17 

22 

27 

20 

19 

Sugar-free 

Cyril K 

12/16/15 

24 

34 

41 

32 

23 

Severe diabetes; aci- 
dosis 


12/18/15 

24 

43 

35 

30 

23 

Severe diabetes; aci- 
dosis 


12/20/15 

24 

24 

25 

21 

18 

Severe diabetes; aci- 
dosis 

' 

' 12/22/15 

24 

27 

27 

21 

19 

Severe diabetes; aci- 
dosis 


2/16/16 

24 

17 

20 

15 

17 

Recovering 


3/ 8/16 

24 

27 

28 

21 

29 

Recovering 


11/15/15 

11/17/15 

24 

34 

35 

28 

31 

Severe diabetes 


24 

29 

35 

24 

20 

Severe diabetes 


11/19/15 

24 

46 

45 

34 

36 

Severe diabetes 


3/31/16 

24 

27 

24 

16 

32 

Much emaciated 

Average 

•• 


• • 

21 

25 
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Details 

Relative 


Per Cent. 

Rectal 



Name 

Date 

Pub- 

Humidity 

HsO, 

Calories 

Temp. 

at 

Change 

During 


lished 



Gm. 

Lost in 

Tj’phoid Period 





in 



per 

Vapori- 

Start, 

Exper., 



Paper 


Hour 

zation 

0 . 

C. 


Morris S. 

10/29/13 

7 

49 

49 

34 

24 

39.6 

—0.1 

Contin. temp. 


11/17/13 

7 

35 

38 

25 

21 

3S.5 

+0.5 

1st relapse, as- 


11/18/13 

7 

38 

43 

28 

22 

39.7 

+0.4 

cending temp. 

1st relapse, as- 


12/13/13 








cending temp. 


7 

27 

31 

19 

18 

37.1 

0.0 

8th day, norma] 


12/16/13 

, 

7 

27 

32 

21 

20 

37.3 

0.0 

temp. 

11th day, normal 


12/20/13 




| 

| 



temp. 


7 

33 

40 

26 

16 

39.3 

+0.5 

2d relapse, early 


12/23/13 ' 








steep curve 


7 

36 

37 

26 , 

19 

38.0 

+0.6 

2d relapse, early 


1/ 2/14 




! 




steep curve 


7 

26 

31 

21 

26 

37.0 

+0.1 

8th day, normal 


1/27/14 








temp. 

* 

7 

31 

33 

22 

19 

37.1 

-0.1 

33d day, normal 

Charles F. 









temp. 

1 11/15/13 

7 

37 

47 

31 

23 

40.0 

+0.1 

Contin. temp. 


11/29/13 

7 

! 43 

40 

28 

24 

36.7 

+0.5 

Early steep curve 


12/26/13 

7 

3S 

37 

26 

20 

36:8 

0.0 

25tli day, normal 


12/31/13 



! 





temp. 


7 

30 

37 

25 

22 

37.1 

—0.1* 

30th day, normal 



1 







temp. 

Howard F. 

11/ 7/13 

7 

31 

34 

24 

23 

39.7 

-0.2 

Ascend, temp. 


11/13/13 

7 

33 

35 

23 

22 

39.8 

o.o : 

i 

Contin. temp. 


11/20/13 

7 

42 

37 

27 

28 

39.3 

-0.4 

Contin. temp. 


i 12/ 2/13 

7 

2S 

27 

18 

22 

1 36.8 

+0.1 

6th day, normal 
temp. 

10th day, normal 


12/ 6/13 

7 ' 

26 

27 

18 

21 

37.0 

0.0 









temp. 


12/18/13 

7 

26 

35 

21 

21 

37.1 

+0.1 

22d day, normal 









temp. 


12/30/13 

7 

31 

35 

23 

23 

37.3 

—0.1 

34th day, normal 









temp. 

Thomas B. 

10/15/13 

7 

• 34 

42 

26 

20 

36.8 

+1.0 

Late steep curve 


10/21/13 

! ' 7 

37 

42 

25 

28 

36.7 

—0.1 

1st day, norma] 









temp. 

Anton K. 

10/16/13 

7 

52 

49 

32 

27 

37.0 

+0.2 

Late steep curve • 

Edward B. 

10/23/14 

7 

41 

38 

SO 

23 

38.1 

+0.8 

1st relapse, early 









steep curve 


10/27/14 

.7 

36 

35 

SO 

26 

37.4 

+0.5 

1st relapse, late 









steep curve 


11/ 4/14 

7 

40 

37 

32 

27 

37.2 

+0.2 | 4th day, normal 
l temp. 


11/ 6/14 

7 

38 

35 

25 

23 

3S.S 

+0.7 j 

2d relapse, ascend, 
temp. 

John E. 

12/15/14 

7 

36 

42 

37 

24 

39.0 

-f 0.2 , 

> 

Contin. temp. 


WATER ELIMINATION OF PATIENTS UNDER STANDARD 

CONDITIONS 

In typhoid fever the heat production is increased 30 to 50 per cent., 
and this makes it difficult to remove all the moisture from the calor- 
imeter, even if the percentage - of heat lost in vaporization be not raised. 
When the patient’s temperature begins to fall there is such an increase 
in water eliminated from the skin that the humidity of the air rises 
rapidly, often to the point of condensation on the cooling pipes. For 





956 


THE ARCHIVES OF INTERNAL MEDICINE 

TABLE 21.— Water Vaporization of Different Groups of Subjects Studied 
Under Standard Conditions of Clothing, Temperature 
and Ventilation. Summary Table 


Group of Subjects 

1 

1 Number of 

Experiments 
in Group 

Percentage of 
Calories Lost in , 
Vaporization 

13 normal men, ages 22 to 44 years 

29 

24 

6 men after glucose or protein 

9 

23 . 

4 men after 7 to 10 grains of caffein 

5 

26 

8 boys, ages 12 to 13 years j 

8 

27 

6 old men, ages 77 to 83 years j 

6 

27 . 

2 legless men 

2 

25 

2 dwarfs (1 rachitic; 1 achondroplastic) 

2 

23 

3 cretinoid dwarfs ‘ 

4 

22 

4 typhoid patients, temperature rising 0.3 to 1.0 C. ..j 

9 

22 

5 typhoid patients, temperature change less than 0.3 

O. during experiment 

6 

24 

1 typhoid patient, temperature falling 0.4 C 

i ! 

28 

3 typhoid patients, 2d to 5th week of convalescence.. 

9 ; 

21 

5 pernicious anemia patients 

6 

25 

17 cardionephritics and nephritics 

24 

24 

With marked edema 

8 1 

25 

With slight edema ( 

5 i 

23 

With no edema j 

8 

24 

With marked dyspnea i 

«» 1 

20 

With slight dyspnea ^ 

10 

23 

With no dyspnea 

8 

25 

8 diabetics 

30 

25 


Normal men 20 to 50 years old under the standard conditions 
excrete on an average 29 gm. water an hour (about 700 gm. a day) 
through skin and air passages, losing in this manner 24 per cent, of 
the total heat produced. Few normal men depart more than one-tenth 
from this figure. All the results on groups of patients are compared 
with this standard figure of 24 per cent., plus or minus one-tenth. 
(Table 21.) Boys 12 to 13 years old give figures close to the upper 
limit and very old men lose almost the same percentage of calories in 
vaporization. Dwarfs and legless men are also close to the normal 
average. Cretinoid dwarfs show diminished water elimination. Typhoid 
patients with a rising temperature also have a decreased water output ; 
those with a falling temperature lose an increased percentage of calories 
in vaporization. The water output in convalescence is low. 

Some patients with hyperthyroidism have a decreased water out 
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In another case the temperature rose 0.8 C. in six hours and 24 per 
cent, of the calories were used for vaporization. 

Exophthalmic Goiter . — In Paper 14 of this series a table was given 
showing the water elimination of the patients, and the results were 
briefly discussed. Reviewing the findings critically (Table 14), it is 
necessary to rule out a large number of experiments in which the water 
elimination was so great that the ventilating system could* not remove 
the moisture quantitatively. In some of these there may have been no 
increase in the percentage of heat lost in vaporization. In others there 
was undoubtedly a rise in water elimination out of proportion to the 
increase in radiation and conduction. These are the cases which 
interest us most and it is unfortunate that we cannot determine the 
water output. Still there remain ten experiments on four men with 
severe or moderately severe hyperthyroidism in which the technic was 
satisfactory. Of these, Dr. G. S. L. showed a diminished water 
elimination, losing only 19 per cent, of his calories in this manner. 
The other, three, Max W., Edwin T., and James McE., were within 
normal limits in these experiments. We must remember that it was on 
account of high water elimination that it was necessary to exclude five 
out of eight observations on Max W., two out of five on Edwin T., 
and one out of three on James McE. We may conclude that the water 
elimination in severe hyperthyroidism is usually within normal limits, 
occasionally decreased, but very often distinctly increased. 


TABLE 15. — Pernicious Anemia 


Name 

Date 

! 

Details 

Pub- 

lished 

in 

Paper 

r 

! Relative 
j Humidity 

i 

HeO, 
Gm. per | 
Hour 

Per Cent. 
Calories 
Lost in 
Vapori- 
zation 

Remarks 

i Start 

j 

End 

Daniel V 

5/ 9/13 

15 

49 

48 

32 

1 

27 ! 

Hb 25 per cent. 

Andrew K 

3/11/14 

15 

24 

32 

24 ! 

19 | 

Hb 20 per cent. 


3/27/14 

15 

38 

36 j 

29 j 

24 | 

Hb 20 per cent. 

Martin 0 

6/ 4/15 

15 

34 

32 | 

27 ! 

27 

Hb 21 per cent. 

Bartolo D 

3/15/15 

15 

19 

20 j 

17 ! 

1 

19 j 

5 

Hb 44 per cent. 

Daniel O’O 

4/26/15 

15 

39 

33 j 

S2 | 

30 ; 

i 

Hb 40 per cent. 


Pernicious Anemia — Table 15 gives the averages obtained in a 
series of experiments on patients with pernicious anemia. The average 
figure, 25 per cent., is almost identical with the standard for normal 
controls. This shows that the dilution of the blood that is found in 
severe anemia has no effect on the amount of water vaporized. 
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Name 

Date 

Details 

Pub- 

lished 

in 

Paper 

Relative 

Humidity 

HcO, 
Gm. per 
Hour 

Per Cent. 
Calories 
Lost in 
Vapori- 
zation 

Start 

End 

Joseph Un 

3/29/16 

22 

. 

43 

35 

25 


4/ 5/16 

22 

43 

38 

28 

23 ! 


4/10/16 

22 

29 

29 

22 

16 ; 

Lee H 

12/ 4/15 

22 

27 

31 

s. 

27 


1/ 5/16 

22 

25 

30 

21 

23 

Edna S 

12/ 1/15 

22 

22 

22 

18 

26 

Adam D 

1/14/16 

22 

26 

30 

22 

22 | 


2/ 7/16 

22 

28 

30 

22 

25 

William S 

12/ 6/15 

22 

30 

34 

27 

21 j 

John K 

3/ 4/16 

22 

30 

33 

24 

22 | 

Isadore R 

1/24/16 

22 

38 

42 

. 18 

25 

Frank C 

2/28/16 

22 ' 

25 

34 

24 

23 

John C 

2/ 9/16 

22 

37 

37 

32 

25 

Mildred C 

12/10/15 

22 

32 

34 

27 

24 

l 


Bern arks 


Chronic parench. 
nephritis 


Chronic' parench. 
nephritis 


Chronic parench. 
nephritis 

Chronic parench. 
nephritis 


Chronic parench. 
nephritis 

Chronic interstitial 
nephritis 

Chronic interstitial 
nephritis; uremia 

Chronic interstitial 
nephritis; uremia 

Chronic interstitial 
nephritis 

Chronic interstitial 
nephritis 


TABLE 18. — Findings in Nephritic Patients Grouped According 

to Leading Symptoms 


Patients with 

Percentage of Calories Lost 
in Vaporization 

Cardionepbritis 

Group 

Nephritic 

Group 

Both 

Groups 

Marked edema 

28 

24 

25 

Slight edema 

25 

22 

23 

No edema 

26 

24 i 

1 

24 

Marked dyspnea 

28 

24 

26 

Slight dyspnea 

23 

23 

23 

No dyspnea 

26 

23 ’ 

25 

Whole group 

• 26 

23 

24 


100 to 4 00 c.c. a day, eliminates 700 to 800 c.c. water through skin 
and lungs. It would be interesting to know exactly the effects of*hot 
packs and hot air baths in this disease. Theoretically, we should 
expect the greatest water vaporization at the highest temperature and 
the lowest humidity. With increasing humidify the loss from the lungs 
should decrease and the visible sweat should increase. Rubner and 
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In producing an artificial attack of hay-fever it should be under- 
stood that the pollens are the male elements of phaenogamous or flower- 
ing plants, and are, therefore, incapable of reproduction m the nostrils 
or tissues of hay-fever subjects, differing in this way from infection 
by bacterial micro-organisms. On this account, an artificially-pro uce 
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of most of the starved diabetics was accompanied by a very low water 
output. This in turn made the humidity of the air in the calorimeter 
much' lower than usual, and normal controls, with the relative humidity 
of 15 to 25 per cent, found in some of the diabetic experiments, might 
have shown a water elimination somewhat above the standard of 
24.1 per cent, obtained when the humidity was 35 to 50 per cent. For 
this reason the comparison of the starved diabetics with the normals 
is unsatisfactory. The results in all the experiments are given in 
Table 19 and the averages for the different phases of the disease are 
given in Table 20, omitting experiments in which the body temperature 
changed more -than 0.2 C. 


TABLE 20. — Average Vaporization in Different Phases of Diabetes 



Number of 
Observations 

Average Percentage of 
Calories in Vaporization 

Severe Diabetes: 

After recent food 

1 

25 

Basal determination 

i 3 

21 

Second to eighth day of fast 

! » 

25 

Sugar-free 

Fasting 

l 

36 

Basal (emaciated) 

| 8 • 

26 

Mild dlabotes: 

Weil nourished 

! 3 

I 

IS 


The averages in severe diabetes are almost exactly the same as 
the normal standard, but the variations are large. The amount of 
water eliminated from the lungs would depend on the rate of ventila- 
tion and would be increased in patients with hyperpnea. 

SUMMARY AND CONCLUSIONS 

The technic of determining the water eliminated from the skin and 
respiratory passages of a subject in a respiration chamber is exceed- 
ingly difficult. If the humidity of the air in the box rises, moisture 
will be deposited on the contents of the chamber. If the relative 
humidity falls, water will be removed which was not eliminated by. the 
subject in the experimental period. 

Over three hundred experiments have been made in the Sage calor- 
imeter on patients and normal controls at an air temperature of 22 to 
25 C. and a relative humidity usually between 30 and 50 per cent. 
For purposes of comparison all experiments are excluded in which 
the relative humidity changed more than 10 per cent, between the 
start and finish of the observation. 
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secretion. This is demonstrated by the fact that the aqueous extract 
of toxic pollens produces a reaction in hay-fever subjects similar to the 
pollens themselves. This is characteristic of all hay-fever pollens. In 
the pollen of the Gramineae, in which the local (direct) reaction is 
slight, it is the principal cause of the hay-fever. Even in pollens in 
which the direct effect is marked ( Ambrosias , artemisias ) the absorp- 
tion of the proteins is the important factor which prolongs the attack. 



Fig. 5. — Pollen of common ragweed ( Ambrosia elatior ) in the nasal secretion 
of a hay-fever patient. X 250 diameters. 

HAY-FEVER POLLENS 

While pollens are generated by all the members of the phaenogam- 
ous plants, only those which are wind pollinated need be considered 
in connection with hay-fever. While there are many plants whose 
pollen may cause the hay-fever reaction when applied to the nostri s, 
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put; most of them lose the normal percentage of calories in vaporiza- 
tion. Some lose much more than normals in this manner. In per- 
nicious anemia the water of vaporization is not affected. Cardiac and 
nephritic patients on the whole give figures close to the normal. There 
is a slight increase in dyspneic patients. Edema seems to have no 
effect on the water output through the skin. The results in diabetes 
show great variations. The average figure, however, is about the same 
as that obtained in normals. 

In conclusion it may be said that the output of water is very little 
affected in disease. When the heat production is increased the body 
responds and dissipates the usual percentage of calories in the vapori- 
zation of water. When it is necessary to get rid of unusual amounts 
of heat the percentage lost in vaporization is increased. 

477 First Avenue. 
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THE POLLENS OF SPRING IIAY-FEVER 

From a test of many hundreds of pollens in our biological labora- 
tory, the principal hay-fever plants have been selected. For the early 
type of hay-fever, the chief causes are the grasses ( Gramineae ), the 
special varieties varying according to climatic conditions (Fig. 6). This 
applies to all portions of the United States. The spring cases of hay- 



Fig. 7 —Pollen of common ragweed ( Ambrosia elatior). The principal cause 
of fall hay-fever. X 500 diameters. 

t 

v 

fever are also influenced by other wind-pollinated plants such as the 
amaranths (Amaranthns ) , docks ( Rumex ), and chenopods ( Cheno 
podium), which, however, are, in the aggregate, of much less impor- 
tance both from the standpoint of reaction and geographical dis- 
tribution. 
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HAY-FEVER AND HAY-FEVER POLLENS* 

! 

. WILLIAM SCHEPPEGRELL, M.D. 

NEW ORLEANS 

The causative relationship of pollens to hay-fever has become so 
well established that it appears almost superfluous to offer additional 
evidence. The experience of the past year in the correspondence of 
the American Hay-Fever-Prevention Association, however, has shown 
that there are still many who doubt that hay-fever is caused by pollen, 
and that there are many more who believe that pollen is only one of 
the exciting causes of this disease. Under the circumstances, a brief 
review of the most important proofs of this relationship will be of 
advantage. 

In hay-fever, as in many other pathologic conditions, we have to 
consider, in addition to the exciting cause, the predisposing factors. 
In the greater portion of the United States there are at certain seasons 
many pollens in the atmosphere, which are inhaled by all in the course 
of normal respiration. Of this number, only a certain proportion of 
persons (about 1 per cent, in most states) develop hay-fever, the 
remainder apparently not being inconvenienced by these pollens. 
Those who develop hay-fever evidently have some predisposition or 
lower resistance, which causes them to develop hay-fever while others 
are not affected. ' That this predisposing factor is still unsettled is evi- 
denced by the fact that in the questionnaire recently sent out by the 
United States Public Health Service 1 in Louisiana, fifty-four physi- 
cians gave forty-eight different predisposing causes for hay-fever. 

’ EXPERIMENTAL HAY-FEVER 

The reaction of hay-fever, in no way differing from the normal 
attack at the usual season, except that the length and degree of the 
reaction is under control, may be artificially produced at any time. In 
the biologic laboratory of the American Hay-Fever-Prevention Asso- 
ciation, pollens of all the most important hay-fever plants are kept in 
stock, so that the effect of the various hay-fever pollens may be accu- 
rately compared. 

* Received for publication Jan. 3, 1917. 

1. Scheppegrellj W. : Hay-Fever in Louisiana, New Orleans Med. and Surg. 
Jour., October, 1916. 
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pure glycerin, thoroughly applied to the glass which has been previously 
cleansed with alcohol, to be the most practical. In extremely moist 
weather, when the glycerin deliquesces too rapidly, we substitute a 
layer of boiled linseed oil. 

We have tried various forms of apparatus for the purpose of 
having these plates always at right angles to the direction of the wind. 
While this furnishes useful statistical data, the complicated construc- 



Figi 9. — Pollen of wormwood ( Artemisia heterophylla ) . One of the principal 
causes of fall hay-fever in the Pacific and Rocky Mountain States. X 500 
diameters. 


tion gives it a limited range. For practical purposes, the atmospheric 
pollen plates are simply exposed to the wind at the residence of the 
patient or at the special stations. 

After twenty-four hours exposure, these plates are examined under 
the microscope, with the aid of the mechanical stage, so that the whole 
surface can be traversed. A low power (125 diameters) is sufficient 
for traversing the slide, and when a pollen grain is found, a high power 
(500 diameters) is used for its identification. 
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This explanation is made in view of the repeated inquiry as to 
whether an artificially-produced reaction will not result in an attack of 
hay-fever of the usual duration. That this will not be the case will be 
understood when the nature of this process is explained. 

REACTION FROM HAY-FEVER POLLENS 

The reaction from hay-fever pollens may be divided into the direct 
and indirect effect The former is due to the direct irritating effect of 
the pollen on the nasal mucosa. This may be mechanical, as with many 



Fig. 2. — Pollen of sneezeweed ( Helemum quadridcntata) . Also has marked 
spicules. X 500 diameters. 

of the spiculated pollens. In some of these, as in the bastard feverfew 
( Parthenium hysterophorns, Fig. 1) and the sneeze weed ( Hclenium 
quadridentata, Fig. 2) the spicules are so prominent that they produce 
a reaction, due to the mechanical impact, even in persons who are not 
.susceptible to hay-fever. This effect is immediate, and, in persons not 


970 THE ARCHIVES OF INTERNAL MEDICINE 

In October, 1916, the pollenometric records indicated nineteen com- 
mon ragweed pollen grains for twenty-four hours. As this pollen has 
a diameter of 15 microns, we multiply the number of pollen by 3.2 of 
the formula, which shows that, there were sixty-one pollen grains in 
each square yard of air on that date. 

nasal function in arresting hay- fever pollens 

Several clinical tests were made in order to determine what per- 
centage of atmospheric pollen grains are arrested in the nostrils. The 
conformation of the nasal passages is especially adapted not only for 
warming and moistening the inspired air, but also for arresting mechan- 
ical impurities, the tests showing that over 70 per cent, of the inhaled 
hay-fever pollen grains are arrested in the nasal passages. 

Aug. 12, 1916, all of the nasal secretion of a hay-fever patient for 
eight hours was collected. As the patient slept in an open sleeping 
porch, the inhaled air contained the average number of aerial hay-fever 
pollens of that date and location. The number of pollen grains which 
the secretion contained were then counted and found to be 56. On 
the same date, the pollenometric record showed 10 giant ragweed 
( Ambrosia trifida ) pollen grain for twenty-four hours. As these pollen 
grains have a diameter of 20 microns, the number per cubic yard was 
found to be 18 according to our table of atmospheric pollens. As the . 
volume of air (tidal) for eight hours’ respiration was 4.28 cubic yards, 
the patient had inhaled (4.28 X 18) 77 pollen grains during the eight 
hours. As 56 pollen grains were found in the secretion, it demon- 
strated that the nostrils had arrested about 73 per cent, of the grains 
which the patient had inhaled. 

THE POLLENS OF HAY-FEVER VERIFIED BY THE ATMOSPHERIC 

POLLEN PLATES 

The pollens responsible for hay-fever were verified by the atmos- 
pheric-pollen plates, which our research department exposed during the 
whole of the past hay-fever season. During the prevalence of the 
spring hay-fever, these plates, which were exposed at various stations 
and also near the residences of the hay-fever patients, invariably 
showed the grass pollens with a small percentage from other wind- 
pollinated plants such as the docks, amaranths and chenopods. The 
number of pollen grains deposited bore a definite relation to the 
intensity of the hay-fever attack. 

In the fall hay-fever season the pollenometric records showed the 
presence of the ragweed almost exclusively (Fig. 10). August 15, the 
grasses had practically completed their pollination and their pollens had 
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only pollens which float in the air and can reach the nostrils in the 
course of normal respiration are responsible for true hay-fever. In 
the selection of hay-fever plants it is, therefore, important first to 
decide that they are wind pollinated , 3 as the pollens of these plants 
only are found in the air. 

As a rule, this may usually be inferred from the appearance of the 
plant. Attractive flowers and perfumes are characteristic of insect- 
pollinated plants and the presence of these is usually sufficient to 
eliminate them from the list of wind-pollinated plants, as in the case 
of the roses and golden rods. 



Fig. 6. — Pollen of plume grass ( Erlanthus compactus) . X 500 diameters. 

The absence of attractive flowers and perfumes is characteristic 
of the hay-fever weeds, as in the case of the ragweeds (Ambrosias ) , 
wormwoods (Artemisias ) , cockleburs ( Xanthiums ), careless weeds 
(Amaranths), and the grasses ( Gramineae ). 

The failure to limit the classification of hay-fever plants to those 
that are anemophilous, or wind pollinated, has resulted in the inclusion 
of many plants which are entirely harmless from a practical standpoint. 
In spite of the clearness of this principle, we are constantly receiving 
lists of hay-fever weeds from all parts of the United States which 
include the roses, golden rods, resin weeds and other insect-pollinated 
plants . 4 

3. The anemophilometer, an instrument for testing the wind-pollination of 
plants, has been devised by the Research Department of the American Hay-Fever- 
Prevention Association. William Scheppegrell, Scientific American, October, 
1916. 

4. Even in technical books published in the last two or three years, such plants 
as the evening primrose, chrysanthemum, aster, lily of the valley, honeysuckle 
and other insect-pollinated plants are described as furnishing the toxic pollens of 
hay-fever. 
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Nevertheless, during the prevalence of a 20-mile wind, the common 
rag-weed pollen grains were freely deposited on the plates located on 
the eighth floor of the Audubon Office Building of New Orleans. 

On the other hand, the atmospheric pollen plates exposed at our 
Hendersonville (North Carolina) station (altitude 2,350 feet), Sept. 20, 
1916, after the pollination of the common ragweed ( Ambrosia elatior) 
had been ended in that section by the cold weather, gave negative 



Fig il — Pollen of corn. Its large size limits its potential area. This speci- 
men is* infected with the mycellium fungus to which the pollen of the Grammeae 
are susceptible. X 500 diameters. 


results and hay-fever entirely disappeared, although at a distance of 
15 miles the ragweeds were still pollinating profusely, with the usual 
number of hay-fever cases. While it has not yet been established to 
what distance the pollen grains of the common ragweed can be earned 
in sufficient numbers to cause hay-fever, our records- for the past ten 
years show that it will not traverse this distance. 
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THE POLLENS 'OF FALL HAY-FEVER 

The fall hay-fever, east of Kansas, is caused by the common rag- 
weeds ( Ambrosia elation, Fig. 7), this being replaced in moist regions 
by the giant ragweed ( Ambrosia trifida ). 5 These cases are also affected 
by the pollens of the marsh elder {Iva ciliata) and cocklebur ( Xan - 
t hium canadensis , Fig. 8), these, however, being of minor importance. 



Fig. 8. — Pollen of cocklebur ( Xanthium canadensis). A cause of fall hay- 
fever of minor importance, partly because it is less toxic than the common rag- 
weed and also on account of its more restricted potential area. X 500 diameters. 

In the Pacific and Rocky Mountain states, the ragweeds are replaced 
by the wormwoods ( Artemisias , Fig. 9), the rough bur elder ( Iva 
xanthiifolia) , the Gaertnerias and the western ragweed ( Ambrosia 
psilostachya ) . 

' , ATMOSPHERIC POLLEN PLATES 

Atmospheric pollen plates are prepared by applying a thin layer of 
glycerin to the central square inch (25.4 mm.) of an ordinary micro- 
scope slide. We have tried; various combinations but have found the 

5. Scheppegrell, W. : Hay-Fever and Its Prevention, U. S. Pub. Health Rep., 
July 21, 1916, p. 1907. 
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velocity. If a wind is carrying the pollen horizontally while it is thus 
falling, the distance it will be carried is equal to the product of the 
velocity of the wind times the time of fall. In this way the distance 
which grains of different size 0 will be carried can be calculated. 

The above formula has been used extensively in physical investiga- 
tions, and there are numerous proofs of its correctness. The accepted 
value of the electric charge of an electron or cathode particle depends 
on the accuracy of this formula. 

Table 1 shows the distances that pollen grains of various diameters 
will be carried by different winds from plants of different heights. 


TABLE 1; — Potential Radii of Hay-Fever Plants 
Table of distances traversed by pollens of various sizes 


Di- 

ame- 

ter 


Ve- 
loc- 
ity of 


Distances in Feet Traversed by Pollen Blown 
from Plant 2% Feet High Along Level 
Ground with Wind Velocity of 


Distances in' Feet Traversed by Pollen Blown 
from Plant 5 Feet High Along Level 
Ground -with Wind Velocity of 


Mi- 

crons 

Ft. 

Sec. 

2 Mi. 5 Mi. 
Hr. Hr. 

10 Mi. 
Hr. 

15 Mi. 
Hr. 

20 Mi. 
Hr. 

1 

25 Mi. 
Hr. 

30 Mi. 
Hr. 

2 Mi. 
Hr. 

5 Mi. 
Hr. 

10 Mi. 
Hr. 

15 Mi. 
Hr. 

20 Mi. 
Hr. 

25 Mi. 
Hr. 

30 Mi. 
Hr. 

10 

0.04 

184.0 , 4C0.0 

920 

1,380.0 

1,840 

2,300.0 

% mi. 
2,760 

368 

920 

1,8-10 

2.7G0 

3,680 

4,600 

1 mi. 
5,520 

15 

0.00 

’ 

82.0 , 205.0 

410 

615.0 

§ 

oO 

1,025.0 

1,230 

164 

410 

% mi- 
820 

1,230 

%mi. 

1,620 

2,030 

0.45 mi. 
2,460 

20 

0.1G 

40.0 , 115.0 

230 

335.0 

460 

575.0 

GOO 

92 

230 

460 

690 

920 

1,150 

1,280 

30 

0.3G 

20.0 51.0 

102 

153.0 

204 , 

255.0 

306 

40 

102 

204 

306 

40S 

.510 

602 

40 

0.64 

11.0 I 28.5 

57 

85.5 

114 ! 

142.5 

171 

09 

57 

114 

171 

228 

285 

342 

50 

1.00 

7.5 ' 18.5 

37 

55.5 

74 . 

92.5 

111 

15 

37 

74 

111 

148 

185 

222 

60 

1.44 

5.0 1 12.5 

25 

37.5 

51 j 

62.5 

7G 

10 

25 

50 

75 

102 

127 

152. 

10 

1.96 

4.0 | 10.0 

19 

29.0 

ss : 

i 

50.0 

5S 

8 

19 

38 

57 

77 

96 

116 

SO 

2.56 

3.0 ‘ 7,0 

14 

21.0 

2S ' 

35.0 

43 

6 

14 

28 

42 

56 

70 

86 

90 

3.24 

2.0 5.5 

11 

16.5 

. 22 , 

27.5 

33 

4 

n 

22 

33 

44 

55 

66 

100 

4.00 

2.0 5.0 

9 

14.0 

18 

25.0 

27 

4 

0 

18 

27 

3G 

45 

54 


NOTE.— For spiculated pollens, add 10 to 50 per cent., according to tbeir size and the length of the 
spicules. 


While Table 1 is correct for distances on level ground and under 
a steady wind of the given velocity, these exact conditions are not often 
met with. Such obstructions as houses, trees and shrubbery, will deflect 
the wind and cause the currents of air to go upward instead of hori- 
zontally. Hilly land also causes considerable variation in the effects of 
the wind, and also the vertical currents in summer. In spite of this, 
however, we have found this table of practical value as corroborated 
by our pollenometric records. It is especially useful in determining 
the relative distances traversed by various pollens. The common rag- 
weed ( Ambrosia elatior'), for instance, having grains measuring 15 
microns in diameter and spiculated, will traverse one-half mile in. a 
wind of 20 miles per hour on level ground, .and many times this dis- 
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By the injection of a drop of LugoVs iodin solution, the count is 
simplified, as the grass pollens, which are stained blue-black, can be 
easily distinguished from other pollens which are usually stained brown. 

After the pollens have been counted, they are reduced to the num- 
ber per square centimeter, as our unit is the number of pollens per 
square centimeter for twenty-four hours. 

As the object of the pollenometric records is to determine the 
amount of pollen in the air, a working formula has been prepared by 
means of which the number of pollen grains per cubic square yard of 
air may be determined from these plates. 

NUMBER OF POLLEN IN THE AIR 0 

The number of pollen grains dropping on a given surface, for 
example, a plate, depends only on the number per unit, volume of the 
air and velocity of fall of the pollen grains. 

This means that unless the plate is inclined at an appreciable angle, 
for example, 15 or 20 degrees, with the direction of the wind near the 
plate, the number of pollen grains dropping on the plate is independent 
of the wind velocity, other factors, such as the number per unit volume 
of air, being constant. The number of pollen grains in the air, how- 
ever, bears a direct relation to the velocity of the wind. 

If the pollen grains fall with a velocity of v feet per second, and there are 
in the air n per cubic yard, the total number N falling on a square centimeter 
in t hours is given by the formula 

N — 0.143 x n x v x t 
7 x N 

and n — 

v x t 

For example, if the diameter of the grain is 0.020 mm., v — 0.16 feet per 
second. If N' pollen are gathered in twenty-four hours 

7 x N 

n = = 1.8 N' 

0.16 x 24 

If N' represent the number of pollen grains gathered per square centimeter 
on an atmospheric-pollen plate in twenty-four hours and the number of pollen 
per cubic yard is represented by «, the following are the numbers by which N' 
is to be multiplied to give n, for the pollen of different diameters : 

Diameter = 10 microns, n = 7.3 N' 

Diameter = 15 microns, n = 32 N' 

Diameter = 20 microns, n = 1.8 N' 

Diameter — 25 microns, n=1.2 N' 

Diameter = 30 microns, n = 0.8 N' 

Diameter = 40 microns, n = 0.45 IT 
Diameter = 50 microns, n = 0.30 N' 

■ Diameter = 60 microns, n — 0.20 N' 

, Diameter = 70 microns, n = 0.15 Nj 

Diameter = 80 microns, n = 0.12 N' 

To obtain the number of pollens per kilo-liter, divide the number N', per 
cubic yard by 1.3. 

6. Report of Prof. J. H. Clo, Department of Physics, Tulane University, New 
Orleans. 
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numbers, the quantity in the air is really only a small proportion of the 
pollen generated. 

The buoyancy of the common ragweed pollen *can be better appre- 
ciated when it is stated that it requires 380,000,000 pollen grains to 
make 1 gm. 

AMOUNT OF POLLEN DISTRIBUTED BY HAY-FEVER WEEDS 

In order to ascertain the number of pollen distributed by hay-fever 
weeds, the following test was made June 24, 1916 : 

Six of the flowers of the bastard feverfew ( Parthenium hystero- 
phorus ) while attached to the parent plant were enclosed in a small 
case, one end being left open to prevent the accumulation of moisture. 
At the end of four days the floor of the receptacle was found to be 
dusted with the .pollen. To facilitate the counting, this area was 
divided into 110 squares and the pollen of one of the squares placed 
under the microscope. This gave a count of approximately 5,000 pollen 
grains for each square. As there were 110 squares, this showed that 
there were 550,000 pollen grains in the receptacle. Dividing this by 
4 gave the number of pollen grains distributed by one flower in one 
day, this being 22,916. 

An average large bush (3 feet, 10 inches in height) of the parthe- 
nium was then selected and the flowers counted, this being done by 
cutting off each flower. This count gave 9,902 flowers to the bush. 
Multiplying this by the number of pollen grains distributed by each 
flower, showed that the parthenium generates approximately 227,000,000 
pollen grains per day. 

The ragweeds, however, are much more prolific in their pollens, as 
shown in the following test: Aug. 23, 1916, a plant of the giant rag- 
weed ( Ambrosia trifida ) was placed in such a position in the biological 
laboratory that all the pollen fell on the platform on which the plant 
was placed. The pollen which fell from 8 a. m. to 1 p. m. was divided 
into spaces and the pollen of one of these placed under the microscope 
and the grains counted. The total number calculated from these was 
found to be approximately 8,000,000,000. In this case there were only 
about thirty racemes pollinating, which is only a small number for 
this weed. 

Similar experiments demonstrated that the number of pollen grains 
generated in a field of grasses ( Paspalum dilatum ) during the active 
stage of pollination was about eight millions per square foot of surface. 
On account of the short distance from the ground (18 inches) and the 
large size of the grains (40 microns), only a small proportion of this 
pollen is carried into the air except during winds of high velocities 
(20 or more miles, per hour). 
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almost disappeared from the air, as shown by these plates. The 
patients who were affected with the grass pollens had ceased to suffer 
from hay-fever, except those patients who were sensitive to both the 
grass and ragweed pollens. 



Fig. 10. — Atmospheric pollen plate showing prevalence of the common rag- 
weed during the fall hay-fever season. X 125 diameters. 


BUOYANCY OF THE RAGWEED POLLENS 

Our pollenometric records demonstrated the remarkable buoyancy 
of the common ragweed pollen. In the vicinity of New Orleans, the 
common ragweed ( Ambrosia clatior) is not found, being replaced by 
the giant ragweed (Ambrosia trifida), the nearest being about 5 miles 
from the station from which the important pollen records were made. 
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TABLE 2.— Hay-Fever Pollens in Relation to Wind, Temperature and Rain 



Grass 

Ambro- 


Number 
of Pol- 

Maxi- 






si a 

Other 

lens Per 

mum 

Mean 

Diree- 

Temper- 

Rain 


Pollens 

Pollens 

Pollens 

Square 
Yard 
of Air 

Wind 

Wind 

tion 

ature 



1916 







N.W. 



9/22 

4 

5 

2 

29 

10 

3/8 

s. 

78 

0.0 

9/25 

•• 

7 

• • 

22 

14 

5.4 

s. 

S.E. 

S. . 
S.E, 

S. 

N.E. 

80 

0.0 

9/26 

1 

9 

•• 

! 31 

16 

6.0 

80 

0.01 

9/28 

•• 

15 

• • 

i 48 

15 

4.3 

82 

0.02 

9/29 

. , 

114 

.. 

365 

22 

13.4 

! N.E. 

C8 

0.0 

10/ 1 







N.E. 



. . 

36 

. , 

115 

16 

7.5 

E. 

6S 

0.0 

10/ 2 







S.E. 




19 

•• 

61 

14 

7.4 

E. 

71 

0.0 

10/ 3 

a 

6 

.. 

19 

12 

5.9 

E. 

72 

0.0 

10/ 4 







N.E. 




7 


22 

12 

6.2 

E. 

74 

0.0 

10/ 5 


11 


35 

21 

10.7 

N.E. 

73 

0.01 

10/ 6 







N.E. 



2 

6 

2 

29 

16 

7.2 

E. 

78 

0.01 

10/ 7 







E. 



1 

7 


26 

17 

7.9 

N.E. 

76 

0.02 

, 







N. 



10/ 8 


2 

•• 

6 

12 

4.3 

S.E. 

N.W. 

80 

1.85 

10/ 9 


8 

•• 

26 

7 

2.9 

S. 

80 

0.0 

10/10 


12 

1 

42 

18 

9.6 

N.E. 

74 

0.0 

10/11 


11 


35 

18 

7.7 

N.E. 

73 

0.0 








E. 



10/13 

a » 

3 

1 

13 

7 

4.3 i 

S.E. 

77 

0.0 







S.E. 



10/14 

•• 

9 

2 

35 

10 

5.0 

S. 

78 

0.0 

10/17 




0 

25 

14.0 

E. 

72 

2.58 



j 




N.E. 



10/18 


1 

4 | 

16 

24 

11.5 

S.W. 

74 

0.19 







N.E. 



10/19 

• • 

23 

5 

90 

15 

7.9 

S.W. 

76 

0.0 

10/20 

.. 

5 

5 

32 

23 

13.4 

N.W. 

62 

0.0 

10/21 


12 

2 

45 

15 

8.5 

N.W. 

58 

0.0 

10/24 


.. 

2 

6 

8 

4.2 

E. 

67 

0.0 

10/25 

• . 

1 

1 

6 

15 

7.1 

N.W. 

70 

0.0 

10/26 


8 

2 

32 

17 

10.1 

N.E. 

62 

» 

G6 

0.0 ’ 

10/27 


1 

3 

13 

15 

8.5 

N.E. 

0.0 







N.E. 



10/28 


1 

' 8 

29 

12 

6.5 

E. 

N.W. 

67 

0.0 

10/29 

.. 

*• 

1 

3 

9 

4.5 

N. 

70 

0.0 

10/31 


•• 

2 

6 

8 

3.7 

N.W. 

72 

0.0 


' Our clinical records show that the most severe symptoms of fall 
hay-fever were on September 29, 30, 31 and October 1, which corre- 
sponds with the high wave of the recorded pollen count. 

After the nostrils have become irritated by a large number of pollen 
grains they become sensitive to a smaller number than under ordinary 
conditions. Thus, each period of aggravated hay-fever was followed 
by symptoms in excess of the record of the pollen counts. 
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POTENTIAL AREA OF HAY-FEVER POLLENS 

As already stated, only the plants with wind-borne pollen need be 
considered etiologically in hay-fever, and of these, only those which 
have been shown' to give the hay-fever reaction. The distance, how- 
ever, at which the wind-borne pollens, giving a positive reaction, are 
responsible for hay-fever is . influenced by their buoyancy, which con- 
trols the potential area of these pollens. 

The buoyancy of pollens varies principally according to the size of 
the grains, this being also influenced by their external shape. The size 
of the hay-fever pollen grains varies within considerable limits, among 
the smallest being the common ragweed (Fig. 7), measuring 15 microns 
in diameter, and among the largest the pollen of the corn (80 microns, 
Fig. 11). 

As the potential area is an important subject in the consideration of 
hay-fever, we have prepared a table by which this area for pollens of 
10 to 100 microns in diameter, and with winds from 2 to 30 miles per 
hour, may be calculated. 

CONVECTION OF HAY-FEVER POLLENS 7 

Any small particles which appear to float in the air, like a cloud of 
dust, fog, pollen, etc., are really going through a process of falling with 
a uniform velocity. The rate of falling is under these conditions inde- 
pendent of the density of the particle. If the surface of the particle 
is rough the velocity is less than if it is smooth. 

If the particles have the form of smooth spheres of a diameter not 
less than 0.001 mm., it has been shown both on theory and by actual 
experiment that the velocity with which such spheres fall is given by 
the formula : 

, 2 g r 

v == (Stokes’ Law) 

9 k 

where v — the velocity in centimeters per second, g = 980 cm. the acceleration 
of gravity, r— the radius of the sphere and & = the coefficient of viscosity for 
air = 0.00018. 

By substituting the different values for the radius of spheres and 
the known constants in the above formula, the velocity for pollen grains 
of any size can be calculated. The calculation gives exact values for 
the smooth pollen grains only. The values will be considerably higher 
in the case of the pollen with spicules, the velocity being considerably 
less than the calculated value. 

When the velocity has been calculated, the time of fall of a pollen 
grain can be calculated for any distance by dividing the distance by the 

7. Report by Prof. J. H. Clo, Department of Physics, Tulane University. New 
Orleans, and C. C. Clark, Acting Chief of Weather Bureau, Washington, D. C. 
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Association, cooperating with the Department of Public Property and 
the Board of Plealth, the grassweeds ordinance has been thoroughly 
enforced, vernal hay-fever has almost disappeared. 

In the fall type of hay-fever, however, the results have not been so 
marked. The buoyancy of the pollen of the common ragweed 
(Ambrosia clatior ) is such that it will travel several miles in winds of 
high velocity (15 to 20 miles per hour). In view of this, municipal 
efforts alone will not be able to eradicate fall liay-fever, although much- 
benefit may be obtained. Complete relief will follow only when the 
public realizes the great benefit which will result from the eradication 
of the worthless ragweed that forms the principal cause, and state 
legislation reinforces municipal efforts in its eradication. 


844 Audubon Building. 
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tance when deflected by upward currents, while the smooth corn pollen 
will travel only 102 feet under the same conditions. Under similar 
conditions, the pollen grains of the grasses (Gramiiieae ) , which usually 
measure about 40 microns in diameter, will traverse 456 feet. 

These calculations compare favorably with the records of our pol- 
lenometric records. * The common rag-weed ( Ambrosia elatior, with 
grains measuring 15 microns in diameter) will travel the greatest dis- 
tance, which easily gives it the preponderance of hay-fever cases in the 
localities in which it is found. 

The small number of cases of corn pollen hay-fever compared with 
that of grass pollen hay-fever is explained principally by the difference 
of size, causing a contracted radius of infection. In addition to this, 
corn is not found as a weed in the cities and suburbs, as we find the 
grasses and ragweeds, which, together with the limited carrying dis- 
tance, explains the comparative rarity of corn pollen hay-fever. 

NUMERICAL DISTRIBUTION OF HAY-FEVER POLLENS 

In addition to the convection of pollen by the wind, we must con- 
sider the numerical distribution of these pollens. This is not subject 
to any special rule, as for the distance, and we must be guided by the 
pollenometric records as a basis of calculation. 

These records show that this distribution is approximately inversely 
as the square of the distance. Theoretically, if the ground were level 
and the wind steady and from one direction, the distribution of the 
pollen would be inversely as the distance. On land, with its shrubbery, 
trees and buildings, the wind becomes a succession of wind currents, 
so that at one time the wind is at its full velocity, and at another may 
be almost still. During this interval, the pollen falls with a velocity 
shown in the table, and in this way a large portion is deposited on its 
way to the terminal distance based on the wind velocity. There are 
certain variations in the direction of the winds also, causing the pollen 
to be distributed in various directions. While, therefore, there is no 
exact rule for calculating the numerical distribution of the pollen, the 
rate established by our pollenometric records is approximately correct. 

Some investigators have endeavored to calculate the amount of 
pollen generated by the ragweeds, and have estimated from this the 
amount of pollen in the atmosphere. As a matter of careful observa- 
tion, however, over 50 per cent, of the pollen falls within the immediate 
neighborhood of these weeds. This is shown by the fact that when 
they grow in great abundance, the ground under them is colored yellow 
‘by the fallen pollen, this color rapidly diminishing a few yards from 
the plants. While, therefore, these pollens are distributed in great 



982 


THE ARCHIVES OF INTERNAL MEDICINE 

required, by swinging dumb-bells or a 25-pound bar from the floor 
above the head and back again. The time consumed in each form of 
exercise varies between thirty and 120 seconds. 

For purposes of illustration we shall- confine ourselves to the third 
form of exercise used by Barringer. His readings were ' taken at 
intervals with a Riva-Rocci manometer by the auscultatory method. 
We gather from his description that the first reading was obtained 
thirty seconds . or less after the cessation of exercise. The actual 
moment is not stated, but the readings as charted, are placed on this 
time line. Succeeding readings were taken at one-minute (in some 
cases half-minute) intervals after the first. According to Barringer 
the first reading is higher than the second, indicating an initial fall of 
blood pressure, in healthy subjects who have undertaken moderate 
amounts of work. But in normal people after a full effort the second 
reading is the higher, indicating an initial rise of blood pressure which 
he names the “delayed rise.” The occurrence of this rise is an index, 
according to this writer, that the full “cardiac capacity” has been 
reached, and the amount of work required to produce it is taken, both 
in normal and also in diseased subjects, as a measure of the functional 
capacity of the heart. We are led to understand that when the heart 
is submitted to a given amount of work, a qualitative difference appears 
in the succeeding curve of blood pressure; and it is to be emphasized 
that it is in that portion of the curve which is described during the first 
minute, or at the most the first minute and a half, of rest after exercise 
that this change is manifested; a change which is taken to indicate a 
“functional insufficiency” for the particular amount of work accom- 
plished. The amount of work necessary to produce such insufficiency 
varies with the capacity of the heart, and is far greater in the normal 
subject than in those in whom the muscle is weakened by disease. 
Somewhat similar observations have been made by Graupner, 2 whose 
work prompted that of Barringer ; but Graupner’s first readings suffer 
from a similar defect to those of Barringer, in that their precise rela- 
tion to exercise in point of time is not known ; apparently it was not 
estimated. 

From his experiments, Graupner draws certain conclusions, namely : 

1, Moderate amounts of work in strong persons produces, generally speaking, 
no changes in blood pressure (systolic) after work. 

2. An increase in the work done results in the blood pressure standing higher 
immediately after work, then more or less quickly returning to normal. • 

. 3 If the work done is still more increased; we find a sinking of blood pressure 
immediately after the exercise. However, the blood pressure quickly rises above 
normal and then falls back to normal- ... As long as this secondary rise above 

2. Graiipner: Deulsch. med. Wclmschr., 1906, No. 26. Graupner and Siegel': 
Ztschr. f. exper. Path. u. Therap., 1906, 3, 109. 
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An interesting point in connection with atmospheric pollen was 
demonstrated by these plates. A number of published reports show 
that atmospheric pollen came from the direction of the sea in which the 
. nearest land was 200 miles, and it was, therefore, concluded that the 
pollen had traversed this great distance. 

In New Orleans the ragweed area is northeast to northwest of the 
city, and under ordinary circumstances the pollen comes from this 
direction. Sept. 29, 1916, when the pollination of the ragweed was at 
its height in this locality, the wind, which was from the northeast, rose 
to 22 miles per hour and the pollen count reached 114. Two days 
afterward, the wind veered to the southeast, in which direction but' 
little ragweed is found. The pollen plates, however, continued to show 
nineteen pollen grains for two days afterwards. This shows that the 
high wind had infected the atmosphere with the ragweed pollen for so 
many miles and to such an altitude, that for several days it continued 
to descend from the. direction in which it had been carried. Had the 
initial record of the northeast wind not been made, it would have been 
supposed that the pollen had originated from some southern point of 
great distance. 

WINDS IN RELATION' TO HAY-FEVER 

It is well known that hay-fever patients improve during a rain of 
several days’ duration, and that their symptoms become aggravated 
during the prevalence of high winds. The former is due to the fact 
that pollens floating in the atmosphere are precipitated by the rain and 
that no more pollen rises until it ceases. This has been clearly shown 
by our pollenometric records. During high winds, on the other hand, 
not only are more pollen grains shaken from the plants, but the 
liberated grains are carried to proportionately greater distances. 

These records also demonstrate that there is a definite relation 
between the wind velocities and the amount of pollen in the air, the 
clinical reports proving that there is a similar relation between the 
resulting pollen in the air and the symptoms of hay-fever subjects. 

Table 2, which is a partial report of one of our stations, shows the 
records of the atmospheric pollen plates in relation to the daily maxi- 
mum and mean wind velocities and directions, the estimated number of 
pollen grains per cubic yard of air, and the mean temperatures and the 
rainfall. As this station is at an elevation of 100 feet (eighth floor of 
office building) and at least 2 miles from any large weed areas, the 
records are uninfluenced by any special local conditions. The table 
gives the number of grass pollens, of ambrosia pollens (common and 
giant ragweed) and of “other pollens,” the latter including the docks, 
amaranths, chenopods, marsh elders and cockleburs, all of which give 
a positive reaction for hay-fever, but are in this locality of minor 
importance. 
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When the subject resumes the sitting posture, the cuff on the other arm, that 
is, that used for blood pressure determination, is already filled at a convenient 
pressure and only one or more pumps of the hand bulb are necessary to raise it 
above systolic pressure and to obliterate the pulse. By using this simple device 
we obtain (1) a continuous curve of pulse rate almost from the instant exercise 
ceases these pulse rates will not be discussed in the present communication — and 
(2) a reading of systolic pressure, always within ten seconds, often within four 
or five seconds of the termination of exercise. This reading and the following 
readings are written on the pulse curve and their time relations subsequently 
determined accurately. As soon as the first pulse beats have forced the armlet 
the cuff pressure is raised a few millimeters until the beats again force their way 
through, and so the pressure curve is followed for from one-half to one minute 
by readings taken in rapid succession (at about five-second intervals) until a 
maximal point is reached; the cuff pressure is then released, and the remaining 
readings are taken more leisurely, the cuff pressure being reduced between each, 
Barringer has used the auscultatory method of taking blood pressures, and 
criticizes the palpatory method. Both are, indeed, subjective methods, and 
facility in the use of either is a matter of practice. The supposed greater 
accuracy of the auscultatory method is unproved. Assuming a difference to 
■exist, it is very slight; we have rarely found it to be more than 2 to 4 millimeters. 
The great advantage of the palpatory method is its quickness in obtaining early 
readings. We eliminate error so far as possible by repeating each observation 



Fig. 2. — Weight of subject, 140 pounds ; lift, two 10-pound dumbbells through 6 
feet; time, 1 lift in 2 seconds. With 30 lifts, slight breathlessness; with 40 lifts, 
moderate breathlessness; with 60 lifts, considerable breathlessness and slight 
distress. As in all curves, the zero mark represents the cessation of exercise, 
the readings charted to the left of this line being controls taken before exercise. 

on three successive days, plotting all three curves and taking the average of the 
three. The curves here published are averages of this kind. 

We cannot agree that the continuous pressure of the cuff for a minute or 
less on the arm influences the readings in any appreciable degree. Before each 
observation the subject rests until constant and normal blood pressures and 
pulse rate are reached ; these control observations are taken in the same fashion 
as those above described and the effect of cuff pressure on blood pressure 
thereby eliminated. The average of the three sets of control readings is given in 
conjunction with each curve published. 

The exercises used are the swinging of two 10-pound dumbbells from the 
floor to above the head, the number of lifts varying from ten to sixty, the rate 
of lifting varying between 1 lift in 2, 1 lift in 3, and 1 lift in 4 seconds 
(guided by metronome). Not more than three different exercises are per- 
formed by the same subject in one day, and full rest is given between each. 
The possible influence of the effects of one exercise on another are eliminated 
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As will be noted, these counts are influenced not only by the wind 
velocity, but also by its direction, this being regulated by the locality 
of the nearest large weed areas. September 22, there were 11 pollen 
grains per square centimeter with a wind of 10 miles from the north- 
west, while on September 25 there were only 7 with a wind of 14 miles 
from the southeast. 

- Towards the latter part of October the pollination of the ragweed 
was reaching its limit, which explains the irregular count after October 
15. October 29, the ragweed pollens were no longer recorded on our 
plates, and our clinical records show that the fall hay-fever season 
has passed. 

The effect of rain on the pollen was also clearly indicated. October 
17, the rain of 2.58 inches caused the ragweed pollen to disappear from 
the plates during that day, and also the following (1 per sq. cm.) in 
spite of the fact that the wind had reached a velocity of twenty-four 
miles per hours and was from a northerly direction. Local showers 
have little effect, as shown on September 26 and 28, and October 5, 
6 and 7. 

INFLUENCE OF TEMPERATURE 

It has been frequently reported that bay-fever is aggravated by hot 
weather, but the records for the past year indicate that high tempera- 
tures have no special effect. On the contrary, the records both polleno- 
metric and clinical show that most of the severe stages of hay-fever 
developed on days when the temperature was unusually low for the 
season. Thus, the most severe stage of hay-fever during the past sea- 
son in New Orleans was on September 29 and 30, when the mean daily 
temperature was 68, the normal for this being about 80. The lower 
temperature, however, was only incidental, being due to the high wind 
(22 miles per hour) which blew from the northeast, which in this case 
was also from the direction of the hay-fever area. 

EFFECTS OF PREVENTIVE MEASURES AGAINST HAY-FEVER POLLENS 

Our pollenometric records during the past year demonstrate that 
the vernal type of hay-fever is due principally to the pollen of the 
grasses, and that these are not carried a long distance by the wind. In 
neighborhoods in which the weeds are systematically cut, the pollen 
count is very low and the cases of hay-fever unusual. In other 
localities, in which the weeds have been neglected, the pollen count is 
high and cases of hay-fever common. 

These records have also demonstrated very clearly that the vernal 
form of hay-fever may be practically eradicated by the enforcement of 
adequate grassweeds ordinances. In New Orleans, where, through the 
efforts of the local committee of the American Hay-Fever-Prevention 
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pressure. The control readings lie between 115 and 120 mm. Hg. The readings 
taken within the first ten seconds lie between 122 and 133 mm. Hg. From these 
points the curves sweep upward, reaching summits varying between 134 and 
160 mm. Hg. Providing there is any reaction, the vise is always present what- 
ever the amount of work. In this instance, as in most though not all instances, 
the greater the amount of work the higher is the first reading. In this, as in 
most instances, the amount of the rise varies directly with the amount of work. 8 

In the second chart (Fig. 3) the gradation is remarkably uniform. 

Another feature which almost all these serial curves from normal subjects 
display, perfectly or in part, is the prolongation of the rise with increasing 
increments of' work. The summit with different amounts of work is reached 
within 20 to 60 seconds ; beyond 60 seconds we have not seen >it prolonged. 
Beyond these points the curves fall gradually to the normal levels; they reach 
the /lormal line in times which vary with the amount of work; the fall is com- 
plete within lVs or 2 minutes on the less severe exercises,; and in 4 minutes, or 
perhaps a little longer, with the most severe exercises. 

DISCUSSION • 

The conclusion which we draw from our observations is that as an 
immediate sequence of accomplished exercise, whether that exercise is 
moderate in degree, or whether it calls forth a full effort on the part 
of the person 3 4 who performs it, there is a rise of systolic blood pres- 
sure. The curve rises from a little above the original normal level to 
a point far above it ; the rise is abrupt and has largely escaped detection 
on this account. This rise, in cases in which it is discovered, is spoken 
of by Barringer as the “delayed rise,” and by him is considered to 
show that the exercise which produces it has overloaded the heart. 
With this conclusion we naturally disagree, but comprehend the manner 
in which he has been led to it. In most instances of moderate effort 
the whole of the rise to its summit will have been completed before 
Barringer obtains his first reading. In instances of great effort the rise 
will often be prolonged sufficiently for the first reading to be taken on 
the rise; the second reading will then be taken on the fall, or possibly 
on the continuation of the rise. In the first eventuality the difference 
in the readings will often be inconspicuous, that is, such few millimeters 
of mercury as are given in most of Barringer’s tables ; 5 in the second 
eventuality the rise will be conspicuous. 

To speak of the rise (“delayed rise”) itself as an index of a change 
in the circulatory reaction is, in the light of our experiences, unsound ; 
to speak of a delay in the full development of the rise with severe 
effort, is usually to speak correctly. Even if it be admitted that this 

3. Exceptions are found where two or more curves of such a series fall 
almost together. 

4. We refer deliberately to the effort of the person and not to the effort of 
the heart, but we do not wish thereby to infer that the amount of work was 
limited by muscular fatigue. 

5. The delayed rise as tabulated by Barringer is frequently no more than 
2 mm. Hg. a difference which in our opinion is well within the error of 
measurement, however such readings are taken. 



THE SYSTOLIC BLOOD PRESSURE FOLLOWING EXER- 
CISE; WITH. REM ARKS ON CARDIAC 
CAPACITY * 

D. L. RAPPORT 

BOSTON 

The observations related in this article were undertaken after read- 
ing the recent articles published in this journal by Barringer 1 in which 
he describes a method used by him to estimate the capacity of the heart 
in normal and diseased subjects. The work has been done at the 
Hampstead Military Hospital, London, which institution has been set 
aside by the British War Office for the investigation and treatment o'f 
soldiers suffering from cardiac disabilities. After reading Barringer’s 
article it seemed probable that we might find some qualitative difference 
between the blood pressure reaction following given test exercises, in 
healthy subjects and in those patients who form the greatest part of 
our material, namely, soldiers who suffer from the condition described 
as “irritable heart”; and that if such a difference could be discovered 
it would form a valuable help in sorting our patients for treatment. 
We have completed this comparison and have been unable to find the 
qualitative difference for which we looked, but in completing it we have 
acquired knowledge of the blood pressure reaction, which, so it seems 
to us, is at variance with the conclusions of Barringer. At present we 
publish such of our results as are relevant to a discussion of Barringer’s 
hypothesis ; confining the observations to the normal curve of systolic 
blood pressure which follows immediately on a complete test exercise. 

Barringer's Test . — The subject performs a given amount of exer- 
cise. In some cases this is done by means of a Zuntz ergometer, in 
others by raising 5- or 10-pound dumb-bells from the shoulders, in 
others where larger amounts of work in a short space of time are 

* Submitted for publication Dec. 13, 1916. 

*From the Hampstead Military Hospital, London. Done under the terms 
of a Moseley Traveling Fellowship from Harvard University. This work was 
done for the Medical Research Committee at the direction of Dr. Thomas Lewis, 
and in cooperation with him and Capt. T. F. Cotton, C.A.M.C., to both of whom 
the writer acknowledges his indebtedness. 

1. Barringer, T. B., Jr., and Teschner, J. : The Treatment of Cardiac Insuf- 
ficiency by a New Method of Dumb-Bells and Bars. The Circulatory Reaction 
to Exercise as a Test of the Heart’s Functional Capacity. The Archives Ixt. 
Med., 1915, 16 , 795. Barringer, T. B. Jr.; The Circulatory Reaction to Grad- 
uated Work as a Test of the Heart’s Functional Capacity, Ibid.. 1916, 17 , 363; 
Studies of the Heart’s Functional Capacity as Estimated by the Circulatory 
Reaction to Graduated Work, Ibid., 1916, 17 , 670. 
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terms of measure, terms which do not measure that capacity, but some- 
thing which is quite different. Perhaps the pressure in millimeters of 
mercury necessary to collapse the brachial artery at a given moment 
and in a given condition of the body, or a series of such readings, is 
adopted. Perhaps similar readings of pulse rate are taken. The first 
is allowed as a measure by no means perfect of systolic blood pressure ; 
the latter is allowed in most circumstances as a measure of ventricular 
rate. But they are no more than that. A curve of systolic blood pres- 
sure during or following exercise may be an exact expression of real 
events; but these events are blood pressure events and the measure is 
of blood pressure and not of cardiac work. It may prove that a certain 
form of blood pressure curve following a given exercise is found only 
in those who manifest grave signs of heart disease, and in whom the 
life history is to be short. We gain no advantage by concluding on 
anything but fully sufficient grounds that inefficiency or depressed 
cardiac capacity is responsible for the peculiarity of the curve on the 
one hand, the short life history on the other; we lose an advantage if 
thereby our vision of the real issue is clouded. The curve of blood 
.pressure in question may be in our experience a sign that life is pre- 
carious, or that certain therapeutic measures may be adopted to the 
benefit of the subject. If this or that is the ascertained fact, it should 
suffice ; it can be utilized to serve our ends just as satisfactorily with- 
out the interposition of hypothesis. The moment that the term “cardiac 
capacity” is introduced, though it may be introduced simply and solely 
to describe a given phenomenon of blood pressure or a series of such 
phenomena, additional conceptions of the heart as a whole or of the 
heart muscle in particular (histologic condition of the myocardium, 
reserve power of the muscle, etc.) are awakened, conceptions which as 
likely as not are unjustified, conceptions which in the minds of few 
workers will be identical. 

When we are in the presence of physical signs and symptoms which 
unequivocally display slackening of the circulation, and when other 
physical signs point with equal clearness to disease of the heart as the 
central defect in the patient, then we may be justified in referring to 
cardiac inefficiency in summing up the condition ; we may be justified 
also in conceiving a lowered cardiac capacity for work. Yet even in 
these circumstances we are often unable positively to assert that the 
heart is incapable of a normal amount of work ; for though the circu- 
lation is failing, yet the heart may be overburdened with work (as a 
result of high peripheral resistance, extreme valvular obstruction, or 
the mechanical disadvantage of dilatation) ; and often, for aught we 
know, the work accomplished by a heart where circulatory failure is 
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normal is present functional insufficiency” exists . . , The weaker the myocar- 
dium, the less the amount of work necessary to produce “functional insufficiency.” 

4. If primary myocardial weakness is present, we speak of “pathological insuf- 
ficiency. ’ This is characterized by primary sinking of the blood pressure below 
normal, gradually rising to normal. 

Method . — In the early experiments which we instituted, the con- 
ditions approximated as closely as possible to those described in 
Barringer’s papers. We soon found that only rarely could the first 
readings be obtained earlier than twenty to twenty-five seconds after 
the cessation of work. On one occasion, however, after a subject had 
performed a small amount of work which there was no clinical reason 
to believe approached the limits of his capacity, and following which 
he showed ho signs of distress, a reading was obtained within fifteen 
seconds. This reading was followed, as shown in successive readings, 
by a rise in systolic pressure. 

This seemed to indicate the advisability of using a method which 
would enable us to obtain constant early readings. 



Fig. 1. — Apparatus used in Author’s experiments, more fully described in 
the text. 

A large bottle is connected (Fig. 1) b 3 r means of one system of rubber tubing 
with an arm cuff and a mercury manometer, so that when cock A is open and 
cock B closed this portion is an ordinary Riva-Rocci instrument. By means of 
the other system of tubing the bottle is connected with a cuff lying on the other 
arm, and through the bulb E (a rubber bulb open at the proximal end. inside of a 
glass bulb open at the distal end, such as is used in the Erlanger sphygmoman- 
ometer) to the writing lever of a Mackenzie ink polygraph. 

Before the exercise the pressure bottle is filled with air at the desired pres- 
sure by the hand bulb (F) after closing cocks A and C and opening cock B. 
The amount of pressure used is such as has been shown in the given case to 
release into the two cuffs a pressure slightly below the subject’s normal systolic 
pressure. Cocks B and C are closed, and cocks A and D opened. The subject 
then does a definite amount of work. Immediately before the cessation of work 
cocks B and C are opened, releasing the desired pressure into each cuff. The 
subject sits down at the end of exercise, cock D is immediately closed and the 
pulse at once recorded by the polygraph. 
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A NEW INTERPRETATION OF THE PATHOLOGIC 
I-IISTOLOGY OF HODGKIN’S DISEASE * 

DOUGLAS SYMMERS, M.D. 

NEW YORK 

There are two outstanding theories concerning the nature and origin 
of Hodgkin’s disease : one, that it is primarily an infective granulo- 
matous lesion of the lymph nodes with secondary changes in the spleen, 
liver and other tissues ; the second theory postulates that the disease 
is neoplasmic from the beginning. Neither offers an acceptable explan- 
ation of the process as a whole, and there is considerable evidence in 
contradiction of both. 

The histologic changes in Hodgkin’s disease were originally 
described by Sternberg 1 as the expression of a peculiar type of lymph 
node tuberculosis. Repeated efforts to detect tubercle bacilli in suitably 
stained microscopic preparations, and the injection of freshly emulsi- 
fied lymph nodes into susceptible animals, have failed, however, to 
confirm this view, and it has since been generally abandoned. More 
recent efforts to implicate a diphtheroid micro-organism as the cause, 
of Hodgkin’s disease have likewise been discredited. Nevertheless, the 
prevalent opinion seems to be that the process is inflammatory, the 
neoplasmic theory having failed of popular acceptance largely because 
the histologic changes in the lymph nodes and elsewhere are more in 
consonance with the conception of a granuloma. As a matter of fact, 
Hodgkin’s disease appears to me to exemplify the frequently neglected 
fact that inflammation and neoplasia share several important features 
in common, and that the distinction between the two is, at best, aca- 
demic and artificial, and, at times, impossible. Thus, the histologic 
changes in Hodgkin’s disease bear a resemblance to those of tubercu- 
losis on the one hand, and to a malignant connective tissue tumor on 
the other, while the distribution of the lesions in the liver, kidney, bone 
marrow, and other tissues not commonly included in the lymphoid 
system, is strikingly like that of a metastasizing tumor, but is also 
explicable on the basis of inflammatory hyperplasia of pre-existing 
lymphomatous foci. There is still another possibility, however, which 
does not appear to have been previously emphasized, namely, that the 
histologic changes in the lymph nodes, spleen and other parts of the 

* Submitted for publication Jan. 22, 1917. 

* From the Laboratories of Pathology, Bellevue and Allied Hospitals, Direc- 
tor: Dr. Charles Norris. 

1. Sternberg : Centralbl. f. d. Grenzgeb. d. Med. u. Chir., 1899, 2, 641. 
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in this fashion and by varying the order of a given set of exercises on 
succeeding days. 

The Blood Pressure Curve . — A young and healthy adult accomplishes 20 lifts 
at the rate of 1 lift in 2 seconds without breathlessness or subsequent fatigue; 
at the same rate he can accomplish 60 lifts more or less at the expense of some 
breathlessness and a varying amount of subsequent fatigue. But whether the 


Fig. 3. — Weight of subject, 154 pounds; lift, two 10-pound dumbbells through 5 
feet 10 inches ; time 1 lift in 2 seconds. With 20 lifts, no breathlessness ; with 
30 lifts, moderate breathlessness and slight distress; with 40 lifts, considerable 
breathlessness and distress. 
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Fig. 4. — These two curves are the records of blood pressure following stairs 
climbing in normal subjects. The rate varied from a leisurely walk to a half 
run ; the first producing in both cases practically no symptoms, the last resulting 
in considerable breathlessness, with gradations between the two. In the experi- 
ments, the results of which are figured in black, half as many stairs were 
climbed as in the other exercises. Each stair was 9 inches high. 


lifts are 20, 30, 40, or 60, the reaction is qualitatively the same. The earliest 
readings show a prominent rise of blood pressure. An example of four reactions 
(each the average of three complete observations) is shown in Figure 2, and 
it may be taken as in most respects characteristic. The chart shows the after 
effects of 20, 30, 40, and 60 lifts (1 lift in 2 seconds) on the systolic blood 
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same situation in related diseases. In other words, the preliminary 
hyperplasia of lymphoid cells in Hodgkin’s disease is not to be dis- 
tinguished microscopically from that which occurs in the same locality 
in a half dozen other conditions, and it is only when histologic develop- 
ments have trespassed beyond this point that differentiation becomes 
possible. As development proceeds, however, the hyperplastic lymph 
nodes in Hodgkin’s disease begin to lose their architectural identity, the 
germinal follicles disappear, the lymph cords are merged into broad 
sheets of proliferating lymphoid cells, and at least two alien cells make 
their appearance and lend individuality to the microscopic picture. 'One 
of these cells is to be found in varying numbers lying free in the lymph 
sinuses. It is a large, rounded cell, indistinguishable from that fre- 
quently to be observed in other tissues, but bearing a striking resem- 
blance to the nongranular, mononuclear cells of the normal bone 
marrow. The other is a much larger cell of identical morphology with 
that encountered in the normal bone marrow in the form of myelo- 
plaxes. In the lymph nodes in the early stage of Hodgkin’s disease 
these myeloid giant cells lie free among the lymphoid cells, and, in a 
later stage, may be seen as individual cells resting in the tissue spaces 
of a lymph node which has now become more or less richly permeated 
by delicate fibrous trabeculae. In the liver, spleen and other tissues 
affected by Hodgkin’s disease the histologic changes are identical with 
those in the lymph nodes, or, at all events, there is no essential differ- 
ence, and the microscopic diagnosis may be made with equal facility. 

There is still another cell which forms an important feature of the 
pathologic histology of Hodgkin’s disease, and which is found in vary- 
ing numbers in a large percentage of all cases, namely, the polynuclear 
eosinophil. The significance of this cell in Hodgkin’s disease, as else- 
where, is not altogether clear. There is an apparently closely related 
cell whose presence as part of the histologic change in Hodgkin’s dis- 
ease seems to have been overlooked, or whose identity has been con- 
fused with that of the eosinophil, namely, the eosinophilic myelocyte. 
It occurs in varying numbers in the lymph nodes in about a third of all 
cases. Sometimes it is the only eosinophilic cell present ; at other times 
it is associated with the presence of polynuclear eosinophils, from which 
‘it is to be differentiated by the fact that it possesses but a single 
nucleus. Otherwise its appearance in the fixed tissues is identical. In 
a case of Hodgkin’s disease which recently came under my notice, the, 
lymph nodes presented vast hordes of eosinophilic myelocytes arranged 
in clumps of such size as to occupy a large part of the low power field 
of the microscope, and, in a second case, myelocytes were present in 
excessive numbers in the lymph nodes and visceral nodules, and in 
the blood as part of a terminal leukocytosis. 
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delay is of value, Barringer’s method of determining it is too pre- 
carious to be serviceable. As the first reading is taken a little earlier 
or a little later, or as the second reading is taken a little later or a little 
earlier, so a fall becomes a rise, or a rise a fall. We regard this method 
of ascertaining the shape of the blood pressure curve to be without 
value, on account of the large variations in pressure which occur in 
the fraction of a minute following accomplished exercise. 

But when we turn to the general thesis that such curves, even if 
properly determined , are indexes of the capacity of the heart, criticism 
is on broader lines. Briefly, we think that it is to be deplored that such 
theses are put forward in the present state of our knowledge. In so 
postulating a test of capacity Barringer does not stand alone, but in 
company with an increasing body of workers among whom little or no 
agreement of thought or methods is to be discovered. 

THE USE OF THE PHRASES CARDIAC CAPACITY, CARDIAC 

EFFICIENCY 

In speaking of a reservoir as capacious, an adjective is employed 
which in common parlance is convenient enough ; but convenience ren- 
ders the qualification no more exact. In dealing with matters practical, 
to state that a reservoir has a large capacity is insufficient; the state- 
ment of content is made in terms of the measure employed in gauging 
such capacity ; the capacity is so many cubic feet, more or less. It is a 
truism that if the amount or size of a thing cannot be stated in terms 
of measure it cannot be stated at all ; and however convenient it may 
be in conversation to refer to the size of a given object in general terms, 
such a device is frankly time and labor saving, or else it is deceptive. 

It is common to see the phrase “capacity of the heart” employed, it 
is less common to see this phrase defined ; but it may be presumed that 
it conveys the meaning “capacity to do work.” Now the amount of 
work which can be done by an organ such as the heart, may or may not 
be measurable. If measurable in terms of foot-pounds per second, we 
are justified in speaking of cardiac capacity in this sense, adding the 
precise number of foot-pounds of work per second of which the heart 
is capable. If not measurable in these or some other units, the term 
cardiac capacity becomes a meaningless or misleading phrase. The 
work done by the heart in animal experiment and under given circum- 
stances has been differently computed by various workers; such esti- 
mates are recognized as approximations subject to further revision. 
The work done by the heart in the intact and sentient animal at rest 
has never been accurately computed ; still less has the capacity of the 
heart for work in circumstance of overload. It has become fashion- 
able, nevertheless, to express the capacity of the heart for work in 
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In Hodgkin's disease the bone marrow often presents profound 
structural alterations. In one group of cases there is overgrowth of 
connective tissue resulting in obliteration of the marrow cavity. This 
is apt to be limited to certain parts of the marrow system or even to 
a focal distribution in individual bones. In a second group, the bone 
marrow is the seat of histologic changes of essentially the same char- 
acter as those encountered in the lymph nodes and elsewhere. Finally, 
there is a third group of cases attended by extraordinary hyperplastic 
changes in the cells of the bone marrow, the increase affecting princi- 
pally the myelocytes and the large nongranular cells of the lymphocytic 
type. Normoblasts may be present in increased numbers, but megalo- 
blasts have never been described in any of the reports with which I am 
familiar, nor have I ever found them in any of the preparations that I 
have examined. The bone marrow giant cells are not increased, and 
may even be conspicuous by their diminished numbers — a fact which 
finds ready explanation in the occurrence of myeloid giant cells in such 
large numbers in the tissues beyond the osseous system as to impoverish 
the supply in the marrow, where, at best, giant cells are by no means 
numerous. 

In short, the changes in the marrow in Hodgkin’s disease are such 
as to provide a perfectly clear and logical explanation for the alterations 
in the extramedullary hemopoietic system and in such 1 other viscera as 
may be involved. Whether the changes in the marrow are primary or 
not has no essential bearing. The fact remains that the presence of 
myeloid giant cells, eosinophils and eosinophilic myelocytes in the lymph 
nodes and elsewhere is an indication of disturbances in the bone 
marrow resulting in increased expulsion of these cells and their 
deposition in remote tissues. The only other possible explanation is 
that the myeloid changes in the hemapoietic viscera are reversionary 
— that the hemopoietic function of the lymph nodes, liver • and 
spleen has been re-awakened, the occurrence of myeloid foci in them 
representing the structural expression of their rejuvenation. This 
explanation is, however, inapplicable to the organs beyond the hemo- 
poietic system, namely, the kidney, suprarenal, lung, thyroid, etc., in 
all of which Hodgkin’s disease sometimes initiates histologic changes 
similar to those in the lymph nodes and elsewhere. It is true that the 
human fetal spleen normally contains cells of the bone marrow type 
in the form of giant cells and myelocytes, all of which diminish and 
disappear as development proceeds. In the spleen of certain other 
mammals, however, myeloid foci persist throughout life. It is quite 
possible, therefore, that the human spleen may revert to the hemato- 
genetic function of embryonal life, and the same is true of the liver, 
but as far as the lymph nodes are concerned, the explanation is 
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manifest, is greater than the work to which a healthy organ could 
submit. The crux is that we have no measure of one or the other. 

Admittedly the present argument applies with least force to such 
patients ; but it is not in them that isolated physical signs are used as 
dependable; it is in the borderline case, or the case in which there are 
no other definite signs of circulator)’- failure, that they are employed, 
and employed, so it seems to us, often with insufficient justification. 



996 • THE ARCHIVES OF INTERNAL MEDICINE , 
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example, there is no apparent reason why certain tumors of the thyroid, 
prostate; breast, adrenal, etc., should- give rise to secondary deposits in 
the bone marrow with such appalling freedom, nor, conversely, is it 
possible satisfactorily to explain the relative immunity of the spleen to 
metastatic growth, nor the almost complete immunity of the prostate 
to syphilis, and of the pancreas to tuberculosis. It is nevertheless true 
that, in Hodgkin's disease, a group of lymph nodes may become 
enlarged and remain for an almost indefinite period as the sole objec- 
tive manifestation of a systemic process. 

SUMMARY 

Hodgkin’s disease is primarily neither an infective nor a neoplasmic 
lesion of the lymph nodes, but a systemic disease which expresses a 
predilection for lymphoid tissues, giving rise to multiple foci of growth 
at approximately the same time and in response to the same provoca- 
tive agent. The provocative agent, whatever its nature and origin may 
be, causes preliminary hyperplastic changes in the lymphoid tissues 
and initiates disturbances in the bone marrow, characterized, among 
other things, by proliferation of the nongranular mononuclear cells of 
the lymphocytic type, eosinophils and eosinophilic myelocytes. These 
cells, together with the myeloplaxes, are thrown into the circulation 
and filtered out by the lymph nodes or deposited in them in response 
to chemotactic attractions, the fibrotic changes in the recipient tissue 
representing a purely local reactive process. The histologic changes 
beyond the lymphoid system proper, namely, in the liver, kidneys, etc., 
represent a reaction on the part of normally existing lymphomatous 
foci to the same toxic substance which is responsible for the distur- 
bances in the bone marrow and for the myeloid transformation of the 
lymph nodes. 

Twenty-Sixth Street and First Avenue. 



SYMMERS— HODGKIN’S DISEASE 


991 


lymphoid apparatus in Hodgkin’s disease constitute a systemic process 
with multiple foci of disease arising in different localities at approxi- 
mately the same time and in response to the same provocative agent. 
In other words, the fully developed Hodgkin’s disease, although possess- 
ing a histology all its own and maintaining in this regard an unmistak- 
able individuality, nevertheless partakes of the nature of an infective 
granuloma on the one side, and of systemic lymphosarcomatosis on the 
other — that is to say, the disease is neither a pure granuloma nor a 
neoplasm, but a lesion belonging to a group for which a descriptive 
title has not yet been formulated, and which may ? with propriety, be 
made to include, in addition, mycosis fungoides, Cohnheim’s pseudo- 
leukemia 2 and related conditions. The facts on which this opinion is 
based were derived largely from the microscopic study of forty-seven 
cases of Hodgkin’s disease observed at the New York and Bellevue 
Hospitals, in seven of which postmortem investigation was permitted, 
and partly from anatomic and histologic observations carried out in 
conjunction with Dr. J. Frank Fraser 3 in seven cases of mycosis 
fungoides. 

The first observable change in the lymph nodes in Hodgkin’s disease 
consists in hyperplasia of lymphoid cells, with regeneration of the 
germinal follicles. This observation was made independently by Long- 
cope , 4 Symmers 5 and Cunningham , 6 and is susceptible of substantiation 
by microscopic examination of the smaller nodules commonly to be 
found at the periphery of the massive enlargements in the neck, axilla 
and elsewhere. Incidentally, this histologic feature may constitute a 
source of error in the determination of the nature of the process, since 
the change in question is identical with that to be found in similar situa- 
tions in tuberculous lymphadenitis, benign lymphoma, pseudoleukemia, 
and other conditions which are conceived in simple lymphoid hyper- 
plasia and in which differentiation at the outset is consequently impos- 
sible. Similarly, the first observable histologic change in the spleen in 
Hodgkin’s disease consists in hyperplasia of the lymphoid follicles of 
identical appearance with that seen in other splenic lesions, notably 
syphilis, tuberculosis, and status lymphaticus. Again, the first observ- 
able histologic change in the liver, kidney, bone marrow and other 
tissues in Hodgkin’s disease consists in the appearance of minute 
lymphomatous foci indistinguishable from those encountered in the 

2. Cohnheim: Virchows Arch. f. path. Anat., 1865, 33, 45b Symmers, 
Douglas: The Archives Int. Med., 1909, 4, 218. See Footnote 5. 

3. To be published. 

4. Longcope: Bull. A} r er Clin. Lab., 1903, 1, 4. 

5. Symmers, D.: Certain Unusual Lesions of the Lymphatic Apparatus, 
Including a Description of Primary Hodgkin’s Disease of the Spleen and a 
Case of Gastro-Intestinal Pseudoleukemia, The Archives Ixt. Med., 1909, 4, 218. 

6 ; Cunningham: Am. Jour. Med. Sc., 1915, 101 , 868. 
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doses can be used as needed over a period of several weeks, thus sav- 
ing an enormous amount of labor and time. We were further influ- 
enced in trying this method ourselves, as we believed that a compari- 
son of cases treated by the same workers using different methods 
would be of more value than a comparison of results obtained by dif- 
ferent men, because of the uniformity of technic used in the various 
tests, particularly the Wassermann reactions, and because of a constant 
personal equation in judging results obtained. It was possible also to 
use the mercurialized serum, 1 in the treatment of patients who had 
already received several doses of salvarsanized serum, and in this way 
form an opinion concerning the degree of reaction caused by the two 
serums in the same group of patients. 

The present paper consists of a description of the preparation of 
mercurialized serum as used in the cases here reported, and of a tab- 
ulation of the results obtained from its use in forty-five patients to 
whom 150 doses were given, with a comparison of these results and 
those obtained in previous cases with salvarsanized serum. To facili- 
tate comparison, the cases reported here will be numbered in sequence 
with those previously reported. 

Technic . — In the preparation of mercurialized serum, blood is withdrawn 
from a vein and allowed to clot. The expressed serum is centrifuged in order 
to free it from cells. The serum is then pipetted into glass tubes in 8 c.c. 
amounts, and to each tube is added 0.001 gm. of mercuric chlorid in a 0.1 per 
cent, aqueous solution. The fluid is agitated for a few moments in order to insure 
a thorough mixing. The white ring of precipitated albuminate of mercury 
quickly redissolves in the excess of serum, giving a perfectly clear solution. 
The tubes are plugged and the serum inactivated for thirty minutes at 56 C. 
They are then stored away on ice until needed, when they are warmed to body 
temperature and the serum is administered. 

The amount of serum used has seemed to be of relatively little importance, 
although excessive amounts probably add to the immediate reaction. From 
6 to 8 c.c. has been the amount used in most of the doses given in this series, 
for the reason that about that amount of spinal fluid is usually withdrawn for 
cell count, globulin and Wassermann tests. The dose of mercuric chlorid has 
been varied from 0.0005 to 0.002 gm. The degree of immediate reaction is not 
perceptibly changed by increasing the amount to 0.001 gm., but an increase 
above this figure has seemed to add materially to the discomfort of the patient. 
The length of time during which the serum was heated to 56 C. has been 
varied from twenty minutes to two hours without apparently affecting the 
degree of reaction. The age of the serum does not perceptibly add to its 
irritating properties. Several doses kept on ice for eight weeks and more were 
followed by less disturbance than many which were administered within twenty- 
four hours after preparation. 

The reactions in a given patient following the intraspinal admin- 
istration of irritating drugs, whether salvarsanized serum or serum to 
which either mercury or salvarsan has been added, are of the same 
type and vary only in degree. Headache, slight fever, nausea and 
general malaise are to be expected, and these symptoms do occur in a 
moderate number of cases. Severe lightning pains follow treatment 
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The detection of eosinophilic myelocytes in the lymph nodes is a 
further indication that Hodgkin’s disease is associated with distur- 
bances in the bone marrow, and their presence in that situation is 
reasonably to be ascribed to the fact that the marrow has not been 
able to supply eosinophils in adequate numbers, and has consequently 
been forced to disgorge a similarly granulated substitute. 

In various forms of helminthiasis there is an eosinophilia in the 
blood varying between 5 per cent, and 85 per cent., and at the site of 
attachment of ankylostomata to the intestinal mucosa it is said that 
there is often a marked accumulation of eosinophils (Todd). It is 
assumed, therefore, that certain parasitic worms manufacture and inject 
into their host substances which are not only capable of stimulating 
the expulsion of eosinophils from the bone marroV, but which are also 
capable of attracting eosinophils toward the source of the stimulus. A 
similar explanation appears to be applicable to the appendix in certain 
subacute infective lesions attended by enormous infiltration of eosino- 
phils. The fallopian tubes also offer a familiar example of localized 
infiltration of eosinophils. In this locality the process seems to bear a 
relationship to the subsiding stage of gonorrheal infection, and doubt- 
less the chemotactic attraction is to be sought in the autolyzing pus so 
frequently associated with this variety of fallopian salpingitis. 

The histologic alterations in the lymph nodes in Hodgkin’s disease 
are aptly comparable to the so-called myeloid transformation of the 
hemopoietic viscera, notably the spleen and liver, in primary progres- 
sive pernicious anemia, and in certain sclerotic and hyperplastic lesions 
of the bone marrow. Thus, of seventeen cases of pernicious anemia, 
Gulland and Goodall 7 8 found myeloid foci in the liver in eight, and 
myelocytic infiltration of the spleen in four, while in still another case 
the spleen exhibited typical bone marrow giant cells. Donhauser* has 
recorded an example of splenomegaly associated with hyperplastic 
changes in the. bone marrow in which the spleen was the seat of 
innumerable myeloid foci composed of large mononuclear, nongranular 
cells, giant cells, myelocytes and normoblasts, the histologic picture, 
with the nucleated red cells excluded, presenting such a striking resem- 
blance to that of the spleen in Hodgkin’s disease as to render differ- 
entiation a matter of extreme difficulty. In this connection it is inter- 
esting to note that the anemia of Hodgkin’s disease seldom approaches 
the pernicious type, so that the bone marrow does not undergo megalo- 
blastic changes, but retains its ability to produce mature cells in suffi- 
cient numbers to meet the customary demands, thus obviating the 
necessity for auxiliary foci of red cell hematogenesis. 

7 . Gulland and Goodall: Jour. Path, and Bacteriol.. 1903. 10 , 123. 

8. Donhauser: Bull. Aj'er Clin. Lab., 1908, 5, 46. 
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the reaction has been noticeably more severe following the adminis- 
tration of mercurialized serum. 

The dosage and frequency of treatment with mercurialized serum 
depend altogether on the individual features of each case, just as they 
do with salvarsanized serum. Certain fairly definite rules can, how- 
ever, be followed. The first dose with every case should be half 
strength. Later, when the spinal fluid Wassermann reaction is posi-, 
tive only with large amounts of fluid, treatments should be given at 
greater intervals. Cases of general paresis, active meningitis and 
cerebrospinal syphilis stand treatment much better than cases of tabes, 
do. In this group of cases the dose each time can be a maximum one 
and a minimum interval of time between treatments can be safely 


TABLE 1. — To Show the Immediate Effect of an Irritant on the 
Spinal Fluid Cell Count 


Case 

No. 

Date of 
1st Lumbar^ 
Puncture 

Cells per 
C.mm. 

Date of 
First 

Treatment 


Date of 
Second 
Treatment 

CellB per 
C.mm. 

Date of 
Third 
Treatment 

Cells per 
C.mm. 


j 

1 

| 

Me 

rcurlalized 

Serum 




04 

4/14/1G 

142 

5/22/10 

140 

5 / 26 /nr 

300* 



... 

01 

6/17/16 

34 

6/21/16 

1 30 

6/27/16 

62 


• •• 

81 

9/ 2716 

156 

9/10/16 

145 

9/16/16 

410* 


... 

79 


... 

9/ 5/16 

291 

9/ 9/16 

187 

9/11/16 

300* 

82 


... 

9/ 4/16 

175 

9/ 8/16 

100 

| 9/12/16 

| 180 

100 

9715/16 

8 

9/18/10 

8 

10/ 2/16 

74 

. 




101 

9/27/16 

56 

9/29/16 

50 

10/ 4/16 

84 


... 




Sal 

varsanized 

Serum 




27 

10/28/14 

100 

11/ 4/14 

37 

11/11/14 

165 


... 

24 

8/21/14 

3 

1/27/15 

3 

2/ 2/15 

87 


... 

04 

10/11/15 

37 

10/17/15 

35 

10/28/15 

64 


* 

62 



... 

1/ 7/15 

11 

a/ 12/15 

123 

1/19/15 

216* 


* Pew red cells also present. 


allowed. Several patients with meningitis and cerebrospinal syphilis 
have been given two treatments intraspinally each week for two or 
three weeks without severe reactions in any case. Two patients with 
tabes now under treatment cannot stand the administration of intra- - 
spinal serum more often than once in three months. 

The immediate effect of either serum on the spinal fluid cell count 
often is to cause an increase in cells. The cell count then falls during 
the next few days to a point below the previous count. Occasionally, 
after a severe reaction, the count goes up considerably and red cells 
appear in the fluid. This is found much more commonly after the use 
of mercurialized serum than after salvarsanized serum (see Table 1). 
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decidedly strained, since the embryonal lymph node is not an auxiliary 
of the marrow system, functionally or otherwise, and certainly the fully 
developed lymph node is not apt to assume a duty so remote from its 
own as to include the manufacture of alien cells. The conclusion, it 
seems to me, is inevitable, that the presence of myeloid giant cells and 
eosinophilic myelocytes in the lymph nodes and elsewhere in Hodgkin’s 
disease is made possible only by the process of embolism from the bone 
marrow. Moreover, this explanation is strictly comparable to the dis- 
charge of normoblasts into the circulation after severe hemorrhage, to 
the occasional presence of myeloid giant cells in the capillaries of the 
liver and lungs, and to th'e enormous influx of giant cells and myelo- 
cytes into the spleen of certain lower animals following infection by the 
bacillus of hog cholera, pyocyaneus, anthrax and other micro- 
organisms, and after repeated artificial hemorrhages . 0 In short, the 
interpretation in question is supported by both precedent and principle. 

In a certain number of all cases of Hodgkin’s disease necroses are 
present in the affected tissues, and the irregular type of temperature 
so frequently to be observed in the living patient is probably due to 
absorption of the products of necrosis, plus those derived from the 
more deliberate disintegration of cells. Whether the same explanation 
applies to the chronic relapsing fever described by Murchison , 10 Pel , 11 
Ebstein 12 and others, is yet to be seen. The fact remains, however, that 
this type of fever is always associated with the presence of enormous 
numbers of focal necroses in the tissues involved, particularly the 
spleen. This explanation of the temperature disturbances in Hodgkin’s 
disease is analogous to that usually offered for the fever so commonly 
observed in patients suffering from hypernephroma, in which variety 
of neoplasm necrotic and degenerative changes are almost constant. 
The contention likewise finds confirmation in the negative evidence 
offered by the lymphoid tissues in lymphosarcomatosis, where necroses 
are uncommon and disturbances of temperature are correspondingly 
infrequent. 

Finally, the theory above outlined does not attempt to explain why 
a particular group of lymph nodes should become affected in Hodgkin’s 
disease and apparently remain alone involved for months or years. 
The same general problem arises in connection with the occurrence and 
distribution of metastases in malignant growths, and seems, at the 
present moment, to be beyond the field of the explicable, unless, of 
course, it is regarded as another expression of chemotaxis. For 

9. Pugliese: Fortschr. d. Med., 1897, 15 , 727 . Opie: Am. Jour. Med. Sc., 
1904, 127 , 988. 

10. Murchison : Tr. Path. Soc., London, 1871, 21 * o72. 

11. Pel: Berl. klin. Wchnschr., 1887, 24 , 644. 

12. Ebstein: Berl. klin. Wchnschr., 1885. 22, 565 and 837. 
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THE TREATMENT OF SYPHILIS OF THE CENTRAL 

NERVOUS SYSTEM 

A COMPARISON OF MERCURIALIZED SERUM AND SALVARSANIZED 

SERUM * 

DAVID A- HALLER, M.D. 

BOSTON 

Cases of syphilis with positive findings in the spinal fluid treated 
during a period of three years following the opening of the Peter 
Bent Brigham Hospital may be divided into three groups. The 
patients of one group were treated with salvarsan, mercury and potas- 
sium iodid for a sufficiently long time to determine whether or not 
clinical and laboratory improvement would follow. If there was defi- 
nite improvement, no change was made in the therapy. If improve- 
ment did not follow after a reasonable length of time, they were 
shifted into a second group the members of which received in addition 
to the above, salvarsanized serum intraspinally. In a third group were 
placed those patients having negative blood Wassermann reactions, 
and to them salvarsanized serum alone was given. Seventy-five 
patients were treated under this plan, and to them 450 intraspinal 
injections of salvarsanized serum were given in addition to the intra- 
venous salvarsan and other medication. A detailed report of this 
work has appeared in a recent publication. 1 

At the end of this time, having satisfied ourselves concerning the 
relative efficiency of these different modes of treatment and the results 
to : be derived from each, we decided to discontinue the use of sal- 
varsanized serum and to substitute for it mercurialized scrum pre- 
pared by the method suggested by Byrnes. 2 The very obvious advan- 
tages of the mercurialized serum are, first, no previous treatment is 
necessary in its preparation, so where salvarsan is not needed, incon- 
venience and expense are avoided; second, the serum can be obtained 
at any time convenient for the patient and the physician rather than 
on the exact minute, as is the case with the salvarsanized serum; 
third, a large supply can be made up at one time and the individual 

* Submitted for publication Feb. 5, 1917. 

* From the Medical Clinic of the Peter Bent Brigham Hospital. 

1. Walker, I. C., and Haller, D. A.: The Treatment of Syphilis of the 
Central Nervous System with Intravenous Salvarsan Alone, with Intravenous 
Salvarsan and Intraspinal Salvarsanized Serum Together, and with Intraspinal 
Salvarsanized Serum Alone, The Archives Ixt. Med.. 1916. 18, 376. 

2. Byrnes, C. M. : Jour. Am. Med. Assn., 1914. 63, 2182. 



TABLE 4. — To Show the Effect of Three or Four Doses of Intraspinal Salvarsanized Serum Ai.one on the Cf.ix Count, the 

Wassermann . Reaction and the Clinical Symptoms 


Case 

No. 

Cell 

Count 

Snlvar. 
Serum, C.c. 

Cell 

Count 

Salvar. 
Scrum, C.c. 

Celt 

Count 

Salvar. 
Scrum, O.c. 

Cell 

Count 1 

Chnngo in Wasscrmunn 
j Reaction In C.c. 

Remarks 

26 

■10 

15 

30 

25 

14 

27 

5 

| 

N’ono 

Pains relieved 

27 

210 

14 

100 

27 

37 

J 

20 

163 

| 

0.1-1- to 0.5 + 

Pains relieved; ataxia less 

31 

62 

16 

26 

20 

! SO 

18 

5 | 

0 . 1 - 1 - to 0.2+ • 

Pain and dizziness relieved 

25 

20 

15 

3 

30 

\ 7 

3 

25 

0 

1 Nona 

Pain and dizziness relieved 

4 

15 

20 

i° 

20 

9 

20 

4 

0.1+ to 0.5+ 

Pain and lioadncho relieved 

38 

103 

20 

18 

20 

10 

18 

27 

0.2+ to 0.31- 

Pain relieved 

. 22 

7 

20 

6 

15 

r> 

i 

20 

9 

0.5+ to 0.6 + 

Pain relieved; ataxia less 

21 

7 

14 

5 

20 

3 

21 

3 

0.1+ to 0.6+ 

Temporary rcliof Irorn gastric crises 

33 

5 

15 

3 

20 

3 

20 

i 

1 

0.6+ to 0.9+ 

Pain and numbness reliovcd 

32 | 

GO 

20 

23 

18 | 

11 

20 


1.0 negative 

Pain and hcadacho relieved 

31 

27 

15 

13 

20 

7 

25 

•• 

1.0 negative 

Pain relieved and ntnxla lessened 

12 

. 13 

15 

20 

20 

9 

20 


0.3+ to 0.1+ 

Hendneho relieved 

35 

150 

20 

75 

20 

20 

20 

12 

None 

Headaclio and diplopia relieved 

23 

533 

20 

272 

20 

100 

25 

•1C 

0.1+ to 0.2+ 

All symptoms rcliovcu 

64 

30 

16 

0 

20 

15 

25 

3 

0.5+ to 0.8+ 

Pain relieved 

66 

20 

15 

16 

15 

12 

20 

10 

Nono 

Pain relieved 

50 

16 

10 

11 

20 

11 

20 

5 

0.6+ to 0.7+ 

Pain relieved 
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in many cases. They are more apt to occur in patients who have pre- 
viously been troubled with them ; many patients who have had no pains 
for months or even years, often have them recur after treatment. This 
immediate reaction ordinarily passes off within twelve to twenty-four 
hours. In about 10 per cent, of individuals it will last longer, and 
occasionally, but not often, will necessitate two or three days’ stay in 
the hospital after treatment, and several doses of morphin. In our 
series of cases severe reactions of this kind have been more than three 
times as frequent after mercurialized serum than after salvarsanized 
serum. Two patients have, on the day following treatment with mer- 
curialized serum, developed a stiff neck and positive Kernig sign, with 
a temperature reaching 102 F. This condition did not persist in either 
case longer than twenty-four hours and there were no sequelae. Sub- 
sequent treatments given to these patients have caused no great dis- 
turbance. Occasionally intraspinal treatment with either salvarsanized 
serum or mercurialized serum will precipitate a gastric crisis in a 
tabetic patient subject to these attacks. In one instance an attack thus 
begun lasted for a week. Two patients, on the other hand, who were 
treated during attacks, have had the attack promptly terminate. This 
has been repeated on several subsequent occasions with one of these 
patients. The other has never had a recurrence. Temporary increase 
in tabetic symptoms, ataxia, difficulty in urination, incontinence and 
paresthesias may occur in the first two or three days following treat- 
ment with either serum, and rarely these symptoms last for a week or 
two. Only one patient has been greatly troubled, and this trouble was 
lessened by lengthening the interval between treatments. A patient 
whose case was diagnosed as general paresis, who had had a completo 
hemiplegia ten years before, with partial recovery, suffered a sudden 
and complete paralysis of the same side again following his fifth intra- 
spinal- treatment with salvarsanized serum. This confined him to bed 
for seven weeks. At the present time he walks better and uses his 
hand and arm as well, if not better, than he did before any treatment. 
This has been our most alarming experience in a total of 600 intra- 
spinal treatments. It seems fair to say that the immediate reaction 
following either salvarsanized serum or mercurialized serum is one 
which can be regulated by dosage. We believe that the reaction fol- 
lowing 0.001 of mercuric chlorid in S c.c. of normal serum is, as a rule, 
much more severe than that caused by 20 c.c. of undiluted salvarsan- 
ized serum. The unusual complications which occur may follow either, 
but it is reasonable to assume that they are more apt to occur where 
the irritation is greatest. In the administration of 150 doses of mer- 
curialized serum we have had about as many of them occur as in 450 
treatments with salvarsanized serum. Eleven patients have been 
treated with at least three doses of each kind of serum. In every case 
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mann reaction per treatment interpreted as before in cubic centimeters 
of spinal fluid necessary for complete fixation was 0.03 in those treated 
with salvarsanized scrum. In those treated with mercurialized serum 
the average was 0.13, or more than four times as great a change. From 
these figures it appears that mercurialized serum in this dose is a more 
efficient antisyphilitic than salvarsanized serum as measured by a drop 
in the strength of the Wassermann reaction. It appears, however, 
from the preceding comparison of the reactions produced by the two 
serums that mercurialized serum is so much more irritating that it 
cannot be used with the frequency with which salvarsanized serum 
can, and this is especially true of its use in tabes dorsalis. Conse- 
quently, the results at the end of a year of treatment, if each serum 
were used to the greatest extent consistent with safety, probably would 
not show such a discrepancy against salvarsanized serum because of 
the larger number of doses which could be given. 

A comparison of the ultimate results obtained with the individual 
cases in the two groups is impracticable because of the differences in 
the total amount of treatment which has been given to the two groups, 
and also because of the small interval of time which has elapsed - since 
treatment was discontinued, or because many of the group treated 
with mercurialized serum are still under treatment. The condition of 
the individual cases can best be described individually, and this is done 
in the case reports. 

CONCLUSIONS 

1. The irritating effect in the spinal canal of sefum to which mer- 
curic chlorid has been added in the dose of 0.001 gm. is greater than 
that of 20 c.c. of salvarsanized serum separated from blood drawn 
thirty minutes after a dose of 0.6 gm. of salvarsan. 

2. The average effect on the laboratory findings in the spinal fluid 
from one dose of mercurialized serum is greater than from one dose 
of salvarsanized serum. 

3. Unpleasant symptoms are more common following intraspinal 
mercurialized serum than following salvarsanized serum. 

4. The greater irritation of the meninges from mercurialized serum 
prevents as rapid repetition of dosage as is possible with salvarsanized 
serum. 

5. Cases of general paresis, meningitis and cerebrospinal syphilis 
stand intraspinal treatment with mercurialized serum better than do 
cases of tabes dorsalis. It is particularly in cases of active syphilis of 
the meninges that the mercurialized serum is useful. 

6. Mercurialized serum has an advantage over salvarsanized serum 
in ease of preparation and in its keeping qualities. For these reasons 
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A comparison of the efficacy of the two serums in relieving symp- 
toms and in causing objective changes in signs and in the laboratory 
findings, offers more difficulties than are encountered in a comparison 
of the reactions from treatment, for while the individual susceptibility 
to reaction from intraspinal treatment varies, the amount of treatment 
needed to accomplish the same result in two different cases with the 
same diagnosis varies to a still greater degree. Evidently, then, the 
only fair comparison is a comparison of the general averages in fairly 
large groups of cases. We have attempted this in several ways which 
can be best understood by a study of the accompanying tables. 

In Table 2 there are thirty patients who received a total of 104 
doses of salvarsanized serum in addition to intravenous salvarsan. By 
subtracting the last cell count from the first listed in each case the 
total drop in cells for that case is found. The total fall for the 30 cases 
divided by the total number of doses given shows the fall in cells per 
dose. This fall in the group treated with salvarsanized serum aver- 
aged 14 per treatment. The 15 patients listed in Table 3 received a 
total of 55 doses of mercurialized serum, and here the average drop in 
cells per treatment calculated in the same way was 27, or twice that 
obtained in those patients treated with salvarsanized serum. 

In the same way by subtracting the amount of spinal fluid neces- 
sary for complete fixation before any treatment, from that necessary 
after three or four doses of salvarsan and intraspinal serum, the 
change in the Wassermann reaction in cubic centimeters induced by 
treatment is found. In the cases of Table 2 this averaged 0.04 c.c. per 
treatment. The average in the second group treated with mercurial- 
ized serum was 0.08 c.c., or again twice as great an average change as 
that induced by salvarsanized serum. In the last column of this table 
remarks are found which bear on the clinical changes. The compari- 
son here is somewhat in favor of the salvarsanized serum, as all the 
patients in Table 2 showed indications of improvement, or at least of 
remission of symptoms. Two patients treated with salvarsan and 
mercurialized serum showed no change. One of these was a case of 
general paralysis, the other was a case of tabes dorsalis with gastric 
crises. 

Twenty-seven patients have been treated by the intraspinal route 
alone. Of these, seventeen were given salvarsanized serum and ten 
mercurialized serum. The findings in the spinal fluid with the changes 
resulting from the first three or four treatments are tabulated in 
Table 4. 

The average drop in cell count per treatment in those patients given 
salvarsanized serum was twenty-one, while the average in those given 
mercurialized serum was twenty-six, or practically the same figure 
(Tables 4 and 5). The average change in the strength of the Wasser- 
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His blood serum continued to give a positive Wassermann test. His spinal 
fluid showed a cell count of 5 per c.mm., and gave a positive Wassermann test 
with 0.8 c.c. whereas at entrance only 0.2 c.c. was required for complete fixation. 

Case 78 .— A man. aged 36, entered the hospital Aug. 28, 1916. A diagnosis 
of syphilitic meningitis was made. He had never had any previous syphilitic 
lesions. For two months he had had frequent headaches. Five days before 
entrance lie had had extreme headache, failing vision, increasing mental con- 
fusion, vomiting and stiffness of his neck. 

Physical examination showed a general hyperesthesia, stiff neck, with pain 
on motion, bilateral Ivernig’s sign and increased reflexes. There was some 
mental confusion. 

The Wassermann reaction was positive in both blood and spinal fluid. The 
spinal fluid showed a cell count of 520 per c.mm. and gave a positive globulin 
test. His temperature was 103 F„ pulse 100 per minute and respirations 30. 
The white blood count was 8,400 per c.mm. 

After three weeks of treatment there were no signs of meningitis remain- 
ing, the patient was free from all symptoms and was out of bed all day. He 
was given eight doses of salvarsan intravenously in addition to potassium iodid 
and mercury. He was also given six doses of mercurialized serum intraspinally. 
His blood Wassermann reaction continued to be positive. His spinal fluid 
showed a normal cell count and gave a negative Wassermann reaction and 
globulin test. Six weeks after he entered the hospital he returned to work and 
had been working steadily ever since. 

Case 79. — A man, aged 22, entered the hospital Sept. 4, 1916. A diagnosis 
of cerebrospinal syphilis was made. He had had a chancre five years before 
and had been given three doses of salvarsan intravenously. He had had no 
further symptoms until six months before entrance to the hospital when he had 
begun to have some stomach trouble and headache. These symptoms had 
partially cleared up after further intravenous salvarsan. One day before 
•entrance he had suddenly lost his faculty of speech and ability to swallow and 
the right side of his face had become paralyzed. He had had almost con- 
stant vomiting and hiccough since that time. 

Physical examination showed unequal pupils, which reacted poorly to light, 
a right facial paralysis and a partial paralysis of his tongue and the muscles 
of deglutition. There was a double Kernig’s sign but no stiffness of the 
neck. Fundus examination showed considerable edema of both disks. There 
was complete aphonia, frequent vomiting and continual hiccough. 

The Wassermann reaction was positive in both blood and spinal fluid. The 
spinal fluid showed a cell count of 300 per c.mm. and gave a positive globulin test. 

Treatment consisted of mercury intramuscularly, large doses of potassium 
iodid by mouth, seven doses of salvarsan intravenously and seven intraspinal 
treatments with mercurialized serum. Two months after the first treatment 
his blood scrum gave a weakly positive test. His spinal fluid gave a positive • 
Wassermann reaction with 1.5 c.c., whereas at first only 0.2 c.c. was required 
for complete fixation. The cell count had fallen from 300 per c.mm. to 20. He 
showed no signs of his trouble except a slight drooping of the right angle 
■of his mouth. 

Case 80. — A woman, aged 36, entered the hospital June 12, 1916. A diagnosis 
of general paresis of the insane was made. She had been married nineteen 
years and had one child 18 years old. She had had four miscarriages. Her 
husband had had general paralysis of the insane for more than two years and 
had been recently committed to a home for the insane. She had had pains 
in her legs for three years, attacks of dizziness for one year and had had 
■numbness and paresthesia of her legs for six months. 

Physical examination showed unequal and irregular pupils, which did .not 
react to light. The knee and ankle jerks were equal but exaggerated. She 
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The spinal fluid cell count was 175 per c.mm,, there was an excess of globulin 
and the Wassermann reaction was' positive with 0.05 c.c. 

He was given ten. doses of mercurialized scrum intraspinally and ten doses 
of salvarsan in addition to mercury inunctions and very large doses of potas- 
sium ioclid by mouth. After five treatments a great change was noticeable in 
his condition. After his tenth treatment lie was free from symptoms and seemed 
perfectly normal mentally. 

There was no change in his blood Wassermann reaction. The Wassermann 
reaction in his spinal fluid changed from positive with 0.05 to positive with 
0.2 c.c. The cell count fell from 175 per c.mm. to 9 per c.mm. 

Cask 83.— A man, aged 38, was admitted to the hospital, Aug. 14, 1916. A 
diagnosis of tabes dorsalis was made. Eighteen years before he had had a 
chancre. For four years he had had infrequent attacks of nausea, with eructa- 
tions of gas. For six weeks he had had constant pain in the epigastrium, which 
bore no relation to meals or time of day. He had become w’eak and tired and 
had lost 4 pounds in weight. 

Physical examination showed unequal and irregular pupils, which did not 
react to light. The deep reflexes were unchanged. The Wassermann reaction 
in both blood and spinal fluid was positive. The spinal fluid gave a positive 
globulin test and showed a cell count of 52 per c.mm. 

He was given three doses of mercurialized scrum intraspinally and five 
intravenous doses of salvarsan. He has had no abdominal pain and no gastric 
symptoms since his second treatment. 

The Wassermann reaction in the blood scrum was not affected-by treatment. 
The spinal fluid Wassermann reaction changed from positive with 0.2 c.c. to 
positive with 0.6 c.c. The spinal fluid cell count fell from 52 to 5 per c.mm. 

Case 84. — A woman, aged 47, entered the hospital Aug. 22, 1916. A diag- 
nosis of general paralysis of the insane was made. She had had a syphilitic 
sore throat fifteen years before. For one year she had anorexia and vomiting 
after meals. For six months she had had headache, dizziness and increas- 
ing difficulty in walking. One week before entrance she had had a period of 
aphonia which lasted for nine hours. For several days she had had severe 
pains in the legs and a sense of constriction about her neck. 

Physical examination showed tenderness to pressure over the whole skull. 
The pupils were unequal and did not react to light. The arm reflexes were 
very active. Knee and ankle jerks were diminished, but were present on both 
sides. There was marked swaying in the Romberg position. Gag reflex was 
absent. ' 

The Wassermann reaction in both blood serum and spinal fluid was posi- 
tive. The spinal fluid gave a positive globulin test and showed a cell count 
of 66 per c.mm. 

Treatment consisted of five doses of mercurialized scrum intraspinally, six 
doses of salvarsan intravenously, mercury and potassium iodid by mouth. After 
the second intraspinal treatment she claimed to be entirely free from symptoms. 

The Wassermann reaction in the blood serum was unchanged. The spinal 
fluid Wassermann reaction changed from positive with 0.1 c.c. to positive with 
0.5 c.c. The cell count fell from 66 to 20 per c.mm. 

Case 85. — A man, aged 48, entered the hospital Sept. 8, 1916. A diagnosis 
of general paralysis of the insane was made. He had had a chancre twenty 
years before. He had lost 30 pounds in the last five years. For one year he 
had had dizziness, nervousness and tremor of the muscles of his face. 

Physical examination showed irregular pupils, which did not react to light. 
Knee jerks were present but unequal. He was dull mentally and had some 
memory defect. 

Wassermann reaction in both blood serum and spinal fluid was positive. 
The spinal fluid gave positive globulin test and showed a cell count of 36 
per c.mm. 



TABLE 5.— To Show the Effect of Three or Four Doses 
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The Wasscrmann reaction in both blood and spinal fluid was positive. The 
spinal fluid cell count was IS. She was given three doses of salvarsan intra- 
venously and two doses of mercurialized serum intraspinally. The blood 
Wasscrmann reaction was unchanged. The spinal' fluid cell count fell from 
15 to 6 per c.mm., and the Wasscrmann reaction changed from positive with 
0.1 c.c. to positive with 0.4 c.c. This amount of treatment entirely relieved her 
of headaches and vomiting, the dizziness was greatly lessened and she was able 
to walk around without difficulty. 

Case 90. — A man, aged 42, entered the hospital March 4, 1916. A diag- 
nosis of tabes dorsalis was made. For two years he had had numbness and 
weakness in his legs and for three months he had had unsteadiness in his gait. 

Physical examination showed unequal pupils, which did not react to light, 
absent knee and ankle jerks, ataxia of the legs and a positive Romberg’s test. 

The Wasscrmann reaction in the blood scrum was negative. The spinal fluid 
showed 107 cells per c.mm. and gave a positive Wasscrmann reaction. 

He was given six doses of mercurialized serum intraspinally. Eight months 
after the treatment the numbness had disappeared from his legs and they 
became much stronger. Ataxia was lessened and he had gained 8 pounds weight. 

Case 91. — A man, aged 47. entered the hospital June 22,1916. A diagnosis 
of general paralysis of the insane was made. He had had syphilis twenty- 
five j'ears before. Five years before he had had a nervous breakdown and 
had become unsteady on his feet. For nine weeks he had had tenderness and 
pain in his left hand and for three weeks incontinence of urine. 

Physical examination shewed unequal pupils, which reacted poorly to light, 
exaggerated deep reflexes, a positive Romberg and a Babinski on each side. 
There was weakness and atrophy of the left hand, arm and leg, with disturbed 
sensation over the hand and arm. 

The Wasscrmann reaction in the blood serum w’as negative. The spinal 
fluid showed a cell count of 34 per c.mm. and gave a positive Wassermann 
test with 0.S c.c. He was given two intravenous doses of salvarsan and five 
intraspinal injections of mercurialized serum. The Wassermann reaction in 
his spinal fluid became more strongly positive under treatment, so that , only 
0.3 c.c. were required for complete fixation. The cell count fell to 4 per c.mm. 
There was little improvement in his condition clinically. He regained control 
of his urine and the 'pain in his hand became less severe. 

Case- 92. — A woman, aged 48, entered the hospital March 20," 1916. A diag- 
nosis of tabes dorsalis was made. She had had syphilis for eighteen years. 
For nine years she had had frequent pains in her legs. For six j’ears sjie 
had had transient attacks of diplopia. She had had one dose of salvarsan 
and a great deal of mercury and potassium iodid without any relief. 

Physical examination showed normal pupils and hyperactive deep reflexes in 
legs and arms. 

The Wasscrmann reaction was negative in the blood. The spinal fluid 
showed 27 cells and gave a positive Wassermann reaction with 0.4 c.c. 

She was given five doses of mercurialized serum intraspinallj’. The Wasser- 
mann reaction in the spinal fluid became negative, the cell count fell to 2 
per c.mm. and she became entirely symptom-free. 

Case 93.— A man, aged 42, entered the hospital Aug. 31, 1916. A diagnosis 
of tabes dorsalis was made. For one j’ear he had had difficulty in walking 
at night, urinary disturbance, sharp pains in his legs, occasional attacks of 
diplopia and rapidty increasing deafness. Eight months before he had fallen 
and broken his leg. He had lost 21 pounds weight in the last year. 

Physical examination showed unequal, irregular pupils, which did not- react 
to light, absent knee and ankle jerks, marked ataxia of hands and feet, double 
vision and almost total deafness. 
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it can be used under clinical conditions in which the use of salvarsan- 
ized serum is impossible, or at least very much more difficult. 


REPORT OF CASES 

Case 75— A man, aged 48, entered the hospital March 27, 1916. A diagnosis 
of tabes dorsalis was made. Twenty-seven years before he had had gonorrhea. 
He had had no treatment for syphilis and did not know of his infection. For 
two years he had had attacks of nausea and vomiting lasting for from eight to 
ten days, coming on about every month. He had had a chronic deforming 
arthritis for several years. 

Physical examination showed unequal, irregular pupils which did not react 
to light. His knee jerks were present and equal. There was no Romberg sign. 
Both elbows were partially flexed and almost completely fixed in that position. 

The Wassermann reaction in the blood serum was positive. The spinal fluid 
gave a positive Wassermann reaction and showed a cell count of 15 per c.mm. 

He was given five doses of salvarsan and five intraspinal treatments with 
mercurialized serum. Two months after his first treatment he became free 
from gastric symptoms and has remained so up to the present time. The 
Wassermann reaction was unchanged in his blood and spinal fluid. The cell 
count in the spinal fluid became normal. 

Case 76. — A man, aged 51, entered the hospital March 25, 1916. A diagnosis 
of tabes dorsalis was made. He had had a chancre twenty years before. He 
had had shooting pains in his legs for eight years. For two years he had been 
ataxic and for one year had had incontinence of urine. For six months lie- 
had had girdle sensation. He had lost 18 pounds in weight. His condition 
had not been influenced by repeated intravenous injections of salvarsan, mercury 
inunctions and potassium iodid by mouth. 

Physical examination showed Argyll Robertson pupils, absent knee and ankle 
jerks and a positive Romberg sign. 

The Wassermann reaction was positive in both blood serum and spinal fluid, 
with a spinal fluid cell count of 60 per c.mm. He was given six intravenous doses 
of salvarsan and five intraspinal treatments with mercurialized serum. His 
pains became less severe after two treatments; after five they were almost 
absent. His girdle sensation disappeared. The ataxia was somewhat lessened. 
The Wassermann reaction in his blood serum was unchanged, in his spinal 
fluid it had changed by only 0.1 c.c. The cell count had fallen to 7 per c.mm. 

Case 77. — A man, aged 42, entered the hospital April 5, 1916. A diagnosis 
of cerebrospinal syphilis was made. In 1904 he had had a chancre. Eight 
months before entrance he had had a sudden complete paralysis of his right 
side, with inability to speak for two weeks, and retention of urine. The 
paralysis had slowly cleared up until he was able to walk about his room, 
but could do very little .more. He had had pain in his neck and both arms, 
which was gradually becoming more severe. 

Physical examination showed small, irregular pupils, which did not react 
to light. There was some muscle atrophy of the right side, with decided 
weakness of his right arm and leg. All reflexes on that side were increased 
and there was a positive ankle clonus, Babinski, Gordon and Oppenbeim. 

The Wassermann reaction in both blood and spinal fluid was positive. The 
spinal fluid also gave a positive globulin test and showed a cell count of 60 
per c.mm. 

He was given four doses of salvarsan intravenously, large amounts of 
potassium iodid and some mercury. He was also given six doses of mer- 
curialized serum intraspinallj-. At the end of six months all pain had gone 
from his neck and arms, he could walk better, but still dragged his leg. His 
right arm was gradually recovering some power and he was doing part time 
work with the fire department. 
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The Wassermann reaction in both blood and spinal fluid was positive. The 
spinal fluid cell count was IS. She was given three doses of salvarsan intra- 
venously and two doses of mercurialized serum intraspinally. The blood 
Wassermann reaction was unchanged. The spinal fluid cell count fell from 
15 to 6 per c.mm., and the Wassermann reaction changed from positive with 
0.1 c.c. to positive with 0.4 c.c. This amount of treatment entirely relieved her 
of headaches and vomiting, the dizziness was greatly lessened and she was able 
to walk around without difficulty. 

Case 90. — A man, aged 42, entered the hospital March 4, 1916. A diag- 
nosis of tabes dorsalis was made. For two years he had had numbness and 
weakness in his legs and for three months he had had unsteadiness in his gait. 

Physical examination showed unequal pupils, which did not react to light, 
absent knee and ankle jerks, ataxia of the legs and a positive Romberg’s test. 

The Wassermann reaction in the blood serum was negative. The spinal fluid 
showed 107 cells per c.mm. and gave a positive Wassermann reaction. 

He was given six doses of mercurialized serum intraspinally. Eight months 
after the treatment the numbness had disappeared from his legs and they 
became much stronger. Ataxia was lessened and he had gained 8 pounds weight. 

Case 91. — A man, aged 47, entered the hospital, June 22, 1916. A diagnosis 
of general paralysis of the insane was made. He had had syphilis twenty- 
five years before. Five years before he had had a nervous breakdown and 
had become unsteady on his feet. For nine weeks he had had tenderness and 
pain in his left hand and for three weeks incontinence of urine. 

Physical examination showed unequal pupils, which reacted poorly to light, 
exaggerated deep reflexes, a positive Romberg and a Babinski on each side. 
There was weakness and atrophy of the left hand, arm and leg, with disturbed 
sensation over the hand and arm. 

The Wassermann reaction in the blood serum was negative. The spinal 
fluid showed a cell count of 34 per c.mm. and gave a positive Wassermann 
test with 0.5 c.c. He was given two intravenous doses of salvarsan and five 
intraspinal injections of mercurialized serum. The Wassermann reaction in 
his spinal fluid became more strongly positive under treatment, so that , only 
0.3 c.c. were required for complete fixation. The cell count fell to 4 per c.mm. 
There was little improvement in his condition clinically. He regained control 
of his urine and the 'pain in his hand became less severe. 

Case- 92. — A woman, aged 48, entered the hospital March 20,* 1916. A diag- 
nosis of tabes dorsalis was made. She had had syphilis for eighteen years. 
For nine years she had had frequent pains in her legs. For six years she 
had had transient attacks of diplopia. She had had one dose of salvarsan 
and a great deal of mercury and potassium iodid without any relief. 

Physical examination showed normal pupils and hyperactive deep reflexes in 
legs and arms. 

The Wassermann reaction was negative in the blood. The spinal fluid 
showed 27 cells and gave a positive Wassermann reaction with 0.4 c.c. 

She was given five doses of mercurialized serum intraspinally. The Wasser- 
mann reaction in the spinal fluid became negative, the cell count fell to 2 
per c.mm. and she became entirely symptom-free. 

Case 93.— A man, aged 42, entered the hospital Aug. 31, 1916. A diagnosis 
of tabes dorsalis was made. For one year he had had difficulty in walking 
at night, urinary disturbance, sharp pains in his legs, occasional attacks of 
diplopia and rapidly increasing deafness. Eight months before he had fallen 
and broken his leg. He had lost 21 pounds weight in the last year. 

Physical examination showed unequal, irregular pupils, which did not react 
to light, absent knee and ankle jerks, marked ataxia of hands and feet, double 
vision and almost total deafness. 
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showed very definite mental instability and cried or laughed on the slightest 
provocation. There was some memory defect. 

The .Wassermann reaction was positive in both blood serum and spinal fluid. 
The spinal fluid showed a cell count of 44 per c.mm. and gave a positive 
globulin test. " 

She was given four doses of mercurialized serum intraspinally and six doses 
of salvarsan intravenously without change in her symptoms other than relief 
of pain. 

The Wassermann reaction remained unchanged in either blood or spinal 
fluid. The spinal fluid cell count fell from 44 to 2 per c.mm. 

Case 81.— A woman, aged 22, entered the hospital Sept. 2, 1916. A diagnosis 
of cerebrospinal syphilis was made. She had had poor health all of her life. 
At the age of 5 she had had a rash on her face diagnosed as syphilis. One 
year later she had had syphilitic periostitis of both tibiae and two years later 
she had had syphilitic iritis of the right eye. Six months before entrance she 
had had general malaise, drowsiness, apathy, anorexia, numbness of her hands, 
headache, vertigo, polyuria, polydypsia and had lost 15 pounds of weight. 

Physical examination showed the scars of an old iritis on the right, with 
ability to count fingers at 1 foot. Vision in the left eye was normal and the 
right pupil was regular and reacted to light. The tibiae showed marked changes 
due to syphilitic osteitis and periostitis. The urine was always of light color, 
with specific gravity of 1.005 and lower. The twenty-four-hour amount was 
usually about 2,000 c.c. The Wassermann reaction was positive in both blood and 
spinal fluid. The spinal fluid gave a positive globulin test and showed a cell 
count of 148 per c.mm. 

Treatment consisted of five doses of mercurialized serum intraspinally and 
seven doses of salvarsan intravenously in addition to mercury intramuscularly 
and large doses of potassium iodid by mouth. After three weeks of treatment 
all headaches, dizziness, drowsiness and anorexia disappeared. She felt well 
and began to gain weight. Later the numbness of her hands disappeared. 
Treatment had no effect on her urinary symptoms. 

The Wasserman reaction remained unchanged in both blood and spinal 
fluid. The spinal fluid cell count had fallen from 148 per c.mm. to 42 per c.mm. 

Case 82. — A man, aged 32, entered the hospital Jan. 13, 1916. Nine months 
before entrance he had had a chancre which was followed by a rash and 
sore throat, and at that time his blood Wassermann reaction had become 
positive. Two months after infection he had developed headache and dizzi- 
ness. Three doses of neosalvarsan and fifty doses of intramuscular mercury 
had to some extent relieved his symptoms, but they had lately recurred and 
had progressed rapidly. At the time of admission he showed that he was 
below par mentally, with a marked memory defect. His replies to questions 
were vague and indefinite. 

Physical examination showed unequal pupils which reacted to light. Fundus 
examination showed a one diopter choked disk on each side, with overfilled and 
tortuous veins. The deep reflexes were unchanged. 

The Wassermann reaction in the blood serum was positive. 

A right subtemporal decompression was performed and 10 c.c. of salvar- 
sanized serum were injected into the lateral ventricle. The ventricular fluid 
removed gave a positive Wassermann reaction with 0.05 c.c., a positive globulin 
test, and showed a cell count of 230 per c.mm. Three days later the spinal 
fluid showed 240 cells per c.mm. and gave a positive Wassermann reaction 
with 0.05 c.c. He was given three doses of salvarsan at weekly intervals and 
sent home for further treatment there. Six months later he was again admitted 
to the hospital. At this time he was dull and stupid, disoriented for time 
and place, and could not answer questions in an intelligent manner. He showed 
also great fear when left alone. His blood Wassermann reaction was positive. 
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The Wassermann reaction in his blood serum was negative. The spinal 
fluid showed a cell count of 6 per c.mm. and gave a positive Wassermann 
reaction with 0.3 c.c. 

He was given four doses of mercurialized serum intraspinally. The Was- 
sermann reaction in the spinal fluid became negative with 1 c.c. and the cell 
count fell to 2 per c.mm. After three treatments the dizziness entirely dis- 
appeared and lie became able to resume his work, which he had not touched 
for more than two years. 

Case 98.— A man, aged 61, entered the hospital May 24, 1916. A diagnosis 
of tabes dorsalis was made. For ten years he had had paresthesias of his 
feet and for two years difficulty in walking, with pains in his legs and thighs. 

Physical examination showed Argyll Robertson pupils and absent knee and 
ankle jerks. 

The Wassermann reaction in the blood was negative. The spinal fluid gave 
a positive reaction with 0.4 c.c., and showed a cell count of 200 per c.mm. 

He was given two doses of mercurialized serum intraspinally. The pains 
in his legs were lessened. The cell count in the spinal fluid fell from 200 to 
10 per c.mm. The Wassermann reaction was unchanged. 

Case 99. — A woman, aged 41, entered the hospital Jan. IS, 1916. A diagnosis 
of general paralysis of the insane was made. She had had syphilis for fourteen 
years. For three years she had had -sharp pains in her extremities and had 
lost 18 pounds weight during that time. She had had mercury continuously 
tor six months without any benefit. 

Physical examination showed irregular, fixed pupils and unequal knee jerks. 
She was very talkative and had some memory defect. 

The Wassermann reaction in the blood serum was negative. The spinal 
fluid gave a positive reaction with 0.1 c.c. and showed a cell count of 20 per 
c.mm. She was given two doses of mercurialized serum intraspinally. The 
cell count fell to 6 per c.mm. and the Wassermann reaction changed from 
positive with 0.1 c.c. to positive with 0.5 c.c. All the pains disappeared after 
the first treatment and did not recur. There was no change in her mental 
condition. 

Case 100. — A man, aged 50, entered the hospital Sept. 12, 1916. A diagnosis 
of tabes dorsalis was made. For eight years he had had occasional attacks of 
epigastric pain, nausea and vomiting. He had had difficulty in walking in the 
dark for seven years. For six months he had had girdle sensation and pains 
in his legs. 

Physical examination showed unequal irregular fixed pupils; absent knee 
and ankle jerks; positive Romberg’s test and' ataxia of both hands and feet. 

The Wassermann reaction was negative in the blood and spinal fluid. The 
spinal fluid also gave a negative globulin test and showed only 8 cells per c.mm. 
He was given two doses of mercurialized serum intraspinally which caused 
no change in symptoms, but a rise in the spinal fluid cell count to 74 per c.mm. 
Two months later the cell count had fallen to 12 per c.mm. and he stated that 
his pains and girdle sensation had disappeared. 

Case 101.— A man, aged 53, entered the hospital Sept. 7, 1916. A diagnosis 
of tabes dorsalis was made. He had had attacks of severe abdominal pain with 
vomiting almost every week for three months. 

Physical examination showed Argyll Robertson pupils. 

The Wassermann reaction in the blood was positive. The spinal fluid showed 
a cell count of 56 per c.mm. and gave a positive Wassermann reaction with 
0.2 c.c. He was given three doses of mercurialized serum intraspinally and 
four doses of salvarsan intravenously. The Wassermann reaction in the blood 
serum was unchanged. The spinal fluid Wassermann reaction was changed 
from positive with 0.2 c.c. to positive with 0.6 c.c. The cell count fell from . 
56 to 5 per c.mm. The attacks of vomiting still continue but are not of such 
duration or frequency as before treatment. 
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He was given three doses of mercurialized serum intraspinally and four 
doses of salvarsan intravenously. There was no change in his condition from 
treatment. The Wassermann reaction in his spinal fluid changed from positive 
with 0.2 c.c. to positive with 0.3 c.c. The cell count fell from 36 to 5 per e.mm. 

Case 86— A man, aged 35, entered the hospital Aug. 21, 3916. A diagnosis 
of tabes dorsalis was made. He had had gonorrhea twice, but denied having 
had syphilis. For nine years he had had paroxysmal attacks of pain in both 
shoulders, and for two years had had pain of the same kind in both legs, 
with parasthesias. 

Physical examination showed irregular, unequal pupils, which did not react 
to light, and sluggish deep reflexes in both arms and legs. 

The Wassermann reaction was positive in both blood and spinal fluid. The 
spinal fluid showed a cell count of 71 per c.mm. and gave a positive globulin test. 

He was given four doses of mercurialized serum intraspinally and five 
doses of salvarsan intravenously. The Wassermann reaction was unchanged in 
his blood. The spinal fluid changed from positive with 0.2 c.c. to positive with 
0.4 c.c. The cell count fell from 71 per c.mm. to 12 per c.mm. He was entirely 
relieved from pain and parasthesias after the third treatment. 

Case 87 . — A man, aged 29, entered the hospital June 8, 1916. A diagnosis 
of rheumatic fever and tabes dorsalis was made. He had had rheumatic fever 
at the age of 18 and again at 26. He had had a chancre three years before 
entrance. He had had shooting pains in the back of his neck and head for 
six months. 

Physical examination showed an acute arthritis of both knees and one 
shoulder. These manifestations promptly disappeared after a few days in 
the hospital. In addition he showed absent knee and ankle jerks, unequal and 
irregular pupils, which reacted poorly to light. 

The Wassermann reaction in both blood and spinal fluid was positive. The 
spinal fluid showed a cell count of 11 per c.mm. and gave a positive globulin test. 

He was given five doses of salvarsan intravenously without any change in 
symptoms or change in his spinal fluid cell count. After his first dose of 
mercurialized serum the cell count fell to normal. He had two additional doses 
of mercurialized serum intraspinally and six additional doses of salvarsan intra- 
venously. His blood Wassermann reaction became negative and he became 
free from symptoms. The Wassermann reaction in his spinal fluid was 
unchanged. 

Case 88. — A woman, aged 28, entered the hospital Aug. 23, 1916. A diag- 
nosis of cerebrospinal syphilis was made. She had had syphilis for four j’tars. 
For two years she had had severe headaches and failing vision in her right 
eye, and for one year she had had nausea and vomiting whenever she had 
undertaken any physical exertion. For six months she had been very irritable, 
and for one month had been almost continuously in bed. 

Physical examination showed 'unequal pupils, which did not react to light. 

The Wassermann reaction was positive in both blood and spinal fluid. The 
spinal fluid cell count was 136 per c.mm. 

She was given three doses of mercurialized serum intraspinally and six 
doses of salvarsan intravenously. This relieved her of ail symptoms. 

Her blood Wassermann reaction had not changed. The spinal fluid \\ asscr- 
mann reaction changed from positive with 0.3 c.c. to positive with 1.5 c.c. 
The spinal fluid cell count fell from 136 to 3 per c.mm. 

Case S9.— A woman, aged 48, entered the hospital June 27, 1916. A diag- 
nosis of cerebrospinal syphilis was made. For two years she had had weak- 
ness of the legs and ataxia. For one year she had had headaches and for 
six weeks she had had such extreme headaches, dizziness and vomiting that 
she had been confined to bed. 

Fhysical examination showed normal pupils, increased and unequal knee- 
jerks, an ankle clonus on the right, and a positive Babinski's sign. 



THE SALICYLATES 


VI. RENAL, FUNCTIONAL AND MORPHOLOGIC ' CHANGES IN ANIMALS 
FOLLOWING THE ADMINISTRATION OF SALICYLATE* 

PAUL J. HANZLIK, M.D., and HOWARD T. KARSNER, M.D. 

CLEVELAND 

It was previously shown 1 that individuals receiving full therapeutic 
doses of salicylate invariably have albumin, leukocytes and casts or 
cast-like bodies in the urine. This albuminuria is produced in both 
febrile and afebrile individuals, and is of renal origin. The functional 
tests (phenolsulphonephthalein excretion in urine and nonprotein nitro- 
gen of the blood) which were applied at the time, gave inconstant 
results, and the changes in some cases were so, small that it was 
impossible to conclude definitely whether any serious impairment in 
the functional efficiency of the kidney existed. It is possible that 
repeated administration of salicylate might cause more definite and 
marked changes in the kidney, both functionally and morphologically. 
Moreover, in certain individuals, the albuminuria and other changes 
are so severe that the presence of a definite nephritis is suggestive. 

Von Ackeren 2 gave sodium salicylate and salicylic acid per os to 
five rabbits, and two of these animals showed “acute nephritis,” with 
albuminuria and hematuria. He cites fourteen cases in the literature 
up to 1890, in which there was albuminuria, sometimes accompanied 
by hematuria, following administration of salicylate. Vinci 3 observed 
a toxic parenchymatous nephritis at the necropsy of a man 45 years 
of age, who died thirty-one hours after the ingestion of 35 gin. of 
sodium salicylate. There was marked congestion of all the renal ves- 
sels, particularly in the glomerular tuft,' albuminous precipitate in the 
subscaplar space, interstitial hemorrhage, cloudy swelling and exten- 
sive necrosis of the tubular epithelium, most marked in the cortex; 

* Submitted for publication Jan. 4, 1917. 

* From the Laboratories of Pharmacology and of Pathology, School of Medi- 
cine, Western Reserve University. 

* This investigation was supported in part by a grant from the. Therapeutic 
Research Committee of the Council on Pharmacy and Chemistry of the 
American Medical Association. 

1. Scott, R. W., and Hanzlik, P. J.: The Salicylates: III. Salicylate Albu- 
minuria, Jour. Am. Med. Assn., 1916, 67, 1838. 

2. Von Ackeren, A.: Ueber Nierenreizung nach Salicylsaure Gebrauch, 
Charite Ann., 1890, 15 , 252. 

3. Vinci, G. : Sulle lesioni istologiche sperimentali del rene determinate dall 
acido salicilico con un caso raro di anvelenamento nell uomo salicilato di soda, 
Arch, di farmacol. sper., 1905, 4, 59. 
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The Wassermann reaction in the blood serum was negative. The spinal 
fluid showed 70 cells per c.mm. and gave a positive Wassermann test with 0.3 c.c. 

He was given five doses of mercurialized serum intraspinally. The Wasser- 
mann reaction in the spinal fluid changed from positive with 0.3 c.c. to positive 
with 0.6 c.c. The cells fell from 70 to 7 per c.mm. There was no change 
in any of the patient's symptoms. 

Case 94. — A man, aged 48, entered the hospital May 15, 1916. A diagnosis 
of tabes dorsalis was made. He had had urinary disturbances for eighteen 
months and had lost 18 pounds weight during the same time. He had had 
pains in his legs for six months. 

Physical examination showed unequal and irregular pupils, which did not 
react to light; unequal knee jerks; swaying in the Romberg position; tremor 
of the hands and some ataxia. 

The Wassermann reaction in the blood serum was negative. The spinal fluid 
showed a cell count of 142 per c.mm. and gave a positive Wassermann reaction. 

He was given seven doses of mercurialized serum intraspinally. The Was- 
sermann reaction in his spinal fluid changed from positive with 0.2 c.c. to posi- 
tive with 0.7 c.c. The spinal fluid cell count fell from 142 to 15 per c.mm. All 
his symptoms disappeared after the sixth treatment. 

Case 95. — A man, aged 42, entered the hospital May 6, 1916. A diagnosis 
of tabes dorsalis was made. For six years he had had lightning pains in his 
legs, which gradually became more severe and frequent. Mercury and potas- 
sium iodid by mouth had given no relief. 

Physical examination showed irregular pinpoint pupils, which did not react 
to light; areas of hyperesthesia over the lower back; hyperactive reflexes in 
both arms and legs. 

The Wassermann reaction in the blood was negative. The spinal fluid 
• gave a positive Wassermann reaction with 0.5 c.c. and showed a cell count of 
100 per c.mm. 

He was given six doses of mercurialized serum intraspinally. The Wasser- 
mann reaction changed from positive with 0.5 c.c, to positive with 1.5 c.c. The 
cell count fell from 100 to 4 per c.mm. The pains were greatly lessened after 
only three treatments and after six treatments they almost entirely disappeared. 

Case 96. — A woman, aged 38, entered the hospital Aug. 4, 1916. A diag- 
nosis of tabes dorsalis was made. One year before she had had both fallopian 
tubes removed because of gonococcus infection. For six months she had had 
attacks of sharp epigastric pain and vomiting coming on about once in three 
.weeks. The attacks had been relieved only by morphin. 

Physical examination showed irregular and unequal pupils, which reacted 
to light, a low, hypotonic stomach and a moderately dilated aorta. The Wasser- 
mann reaction in the blood was negative. The spinal fluid gave a cell count 
of 44 per c.mm. 

She was given two doses of mercurialized serum intraspinally. The cell 
count in the spinal fluid was reduced from 44 to 0 per c.mm. by the first treat- 
ment. The Wassermann reaction was not changed. She had no pain or vomit- 
ing after treatment was begun. 

Case 97. — A man, aged 48, was admitted to the hospital Feb. 22, 1916. A 
diagnosis of tabes dorsalis was made. He had had a chancre twenty-six years 
before. He had been treated for five years for chronic nephritis. For two 
years before admission he had had difficulty in walking, especially at night, 
and dizziness. These symptoms had grown worse rapidly, so that for three 
months he had been almost continually in bed. 

Physical examination showed a moderately advanced chronic nephritis with 
a systolic blood pressure of 210 mm. of mercury. The pupils were irregular 
and reacted poorly to light. The knee jerks were hyperactive. 
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of Folin and Denis, D and urea nitrogen by the urease method, using 
an aqueous extract of jack bean preserved with glycerin, 0 aeration and 
nesslerization. A microscopic examination of the urine was made 
regularly for the presence of leukocytes, erythrocytes and casts. In 
a number of animals the reaction of the blood and the reserve alka- 
linity before and after the administration of salicylate were esti- 
mated according to the methods of Levy, Rowntree and Marriott 5 6 7 
(reaction of blood) and Marriott 8 (alkali reserve). 

The animals were usually killed by a few whiffs of chloroform on 
the expiration of a given time; necropsy was performed and the kid- 
neys were excised. Small blocks from both organs (about 5 mm. 
thick) were fixed immediately in Zenker’s fluid and in formaldehyd, 
embedded in celloidin and stained with hemalum and eosin. 

The various pertinent data have been summarized in the. accom- 
panying table. For further details, the appended brief protocols of all 
the experiments may be consulted. 

4 

DISCUSSION 

The data in the table and protocols indicate that the administra- 
tion of salicylate causes the appearance of albumin, leukocytes, granu- 
lar casts or cast-like bodies, and sometimes red blood corpuscles in 
the urine of cats, dogs and one ra K bit. ' When these elements were 
present before the experiment they were increased by the administra- 
tion of the drug. This is confirmatory (except appearance of erythro- 
cytes in urine) of what was observed in human beings. 

Practically all (ten) of the eleven animals, whose blood was exam- 
ined, showed a variable though definite accumulation of nonprotein 
and urea nitrogen, an indication, therefore, of diminished renal func- 
tional efficiency so far as these tests are concerned. In Dog 17 certain 
of the results for urea nitrogen appear rather low. However, repeated 
determinations confirmed the results. There seems to be, at least in 
certain individuals, an increase in renal permeability for urea at an 
early stage in the action of salicylate as indicated by these figures. 
This phenomenon was previously observed, and apparently is more 
commonly encountered in human beings. It was partly because of 

5. Folin, O., and Denis, W. : New Methods for the Determination of Total 
Nonprotein Nitrogen, Urea and Ammonia in Blood, Jour. Biol. Chem., 1912, 
11 , 527. 

6. For this method of preparation of urease we are indebted to Dr. Cyrus H. 
Fiske of the Biochemical Laboratory. 

7. Levy, R. L., Rowntree, L. G., and Marriott, W. McK. : A Simple Method 
for Determining Variations in the Hydrogen-ion Concentration of the Blood, 
The Archives Int. Med., 1915, 16 , 389. 

8. Marriott, W. McK.: A Method for the Determination of the Alkali 
Reserve of the Blood Plasma, The Archives Int. Med., 1916, 17 , 840. 
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The Wassermann reaction in the blood serum was negative. The spinal 
fluid showed 70 cells per c.mm. and gave a positive Wassermann test with 0.3 c.c. 

He was given five doses of mercurialized serum intraspinally. The Wasser- 
mann reaction in the spinal fluid changed from positive' with 0.3 c.c. to positive 
with 0.6 c.c. The cells fell from 70 to 7 per c.mm. There was no change 
in any of the patient’s symptoms. 

Case 94. — A man, aged 48, entered the hospital May 15, 1916, A diagnosis 
of tabes dorsalis was made. He had had urinary disturbances for eighteen 
months and had lost 18 pounds weight during the same time. He had had 
pains in his legs for six months. 

Physical examination showed unequal and irregular pupils, which did not 
react to light; unequal knee jerks; swaying in the Romberg position; tremor 
of the hands and some ataxia. 

The Wassermann reaction in the blood serum was negative. The spinal fluid 
showed a cell count of 142 per c.mm. and gave a positive Wassermann reaction. 

He was given seven doses of mercurialized serum intraspinally. The Was- 
sermann reaction in his spinal fluid changed from positive with 0.2 c.c. to posi- 
tive with 0.7 c.c. The spinal fluid cell count fell from 142 to 15 per c.mm. All 
his symptoms disappeared after the sixth treatment. 

. Case 95. — A man, aged 42, entered the hospital May 6, 1916. A diagnosis 
of tabes dorsalis was made. For six years he had had lightning pains in his 
legs, which gradually became more severe and frequent. Mercury and potas- 
sium iodid by mouth had given no relief. 

Physical examination showed irregular pinpoint pupils, which did not react 
to light; areas of hyperesthesia over the lower back; hyperactive reflexes in 
both arms and legs. 

The Wassermann reaction in the blood was negative. The spinal fluid 
gave a positive Wassermann reaction with 0.5 c.c. and showed a cell count of 
100 per c.mm. 

He was given six doses of mercurialized serum intraspinally. The Wasser- 
mann reaction changed from positive with 0.5 c.c. to positive with 1.5 c.c. The 
cell count fell from 100 to 4 per c.mm. The pains were greatly lessened after 
only three treatments and after six treatments thej r almost entirely disappeared. 

Case 96. — A woman, aged 38, entered the hospital Aug. 4, 1916. A diag- 
nosis of tabes dorsalis was made. One year before she had had both fallopian 
tubes removed because of gonococcus infection. For six months she had had 
attacks of sharp epigastric pain and vomiting coming on about once in three 
.weeks. The attacks had been relieved only by morphin. 

Physical examination showed irregular and unequal pupils, which reacted 
to light, a low, hypotonic stomach and a moderately dilated aorta. The Wasser- 
mann reaction in the blood was negative. The spinal fluid gave a cell count 
of 44 per c.mm. 

She was given two doses of mercurialized serum intraspinally. The cell 
count in the spinal fluid was reduced from 44 to 0 per c.mm. by the first treat- 
ment. The Wassermann reaction was not changed. She had no pain or vomit- 
ing after treatment was begun. 

Case 97. — A man, aged 48, was admitted to the hospital Feb. 22, 1916. A 
diagnosis of tabes dorsalis was made. He had had a chancre twenty-six years 
before. He had been treated for five years for chronic nephritis. For two 
years before admission he had had difficulty in walking, especially at night, 
and dizziness. These symptoms had grown, worse rapidly, so that for three 
months he had been almost continually in bed. 

Physical examination showed a moderately advanced chronic nephritis with 
a systolic blood pressure of 210 mm. of mercury. The pupils were irregular 
and reacted poorly to light. The knee jerks were hyperactive. 
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Although Vinci found differences in the susceptibility of dogs, 
guinea-pigs and rabbits,' the ‘experiments reported in this paper show 
no material differences in susceptibility of dogs and cats. He found 
essentially the same type and distribution of tubular lesion as we have 
described, but in contrast to the definite intracapillary glomerulitis 
seen in some of our animals, he describes only marked congestion of 
the tuft. In his series and ours there was found cloudy swelling of 
glomerular epithelium and albuminous - material in the subcapsular 



Kidney of Dog 12 showing slight involvement of the glomerular tuft, which, 
although not enlarged, is richly cellular and devoid of blood. The tubular 
epithelium shows cloudy swelling and the lumina contain granular albuminous 
precipitate. 

space. Vinci’s failure to find the more marked glomerular lesion is 
probably due to the fact that most of his animals died or were killed 
after only seven or eight hours. 

It is not possible in this series definitely to correlate the morphologic 
and functional changes. It will be noted as an indication of this diffi- 
culty that the most marked accumulation of urea nitrogen occurred in 
connection with a kidney that histologically showed no change in the 
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Eleven patients previously treated with salvarsanized serum were 
each given three or more intraspinal treatments with mercurialized 
serum, a total of thirty-eight doses. The effect on the Wassermann 
reaction, cell count and clinical symptoms was in every case equally as 
good as, if not better than, from the same amount of salvarsanized 
serum. The reactions in every case were more severe than with the 
salvarsanized serum. 

Peter Bent Brigham Hospital. 
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hypodermically within thirty minutes; animal was killed 1% hours after last 
dose. . Albuminuria was severe; red and white cells were present in the urine. 

Histologically the glomeruli show slight congestion, but otherwise normal 
tufts ; occasional glomeruli show albuminous precipitate in the subcapsular space. 
Epithelium of the proximal convoluted tubules shows moderate cloudy swelling; 
the lumina of these tubules are normal. There are no casts. 

Diagnosis: Cloudy swelling of kidney. 

Experiment 2. — Dog; 5.4 kg. Urine before salicylate contained traces of 
albumin, which was markedly increased, together with the appearance of white 
and red cells after the subcutaneous injection of 0.9 gm. sodium salicylate. 
Two days later the animal received 3.3 gm. salicylate in two divided doses. 
The animal died during the night; urine from bladder gave strong albumin 
tests and showed the presence of white and red corpuscles. 

Histologic picture somewhat obscured by postmortem degeneration. Glo- 
merular tufts normal save for slight congestion; the subcapsular spaces con- 
tain much granular precipitate and also a moderate number of desquamated 
capsular epithelial cells ; this latter condition, however, is probably the result of 
postmortem changes. The epithelium of the convoluted tubules shows marked 
. granularity and the lumina contain many albuminous granules. There are no 
casts. Other tubules show less marked granular change. Around some of the 
large blood vessels there is an old connective tissue growth. 

Diagnosis : Postmortem degeneration and probably cloudy swelling of kidney. 

Experiment 3. — Dog; 5.6 kg. For four days previous to injection of sali- 
cylate, the urine showed a trace of albumin. On day of experiment the urine 
was albumin-free. Received single injection of 0.05 gm. salicylate per kilo 
hypodermically. Seven hours later the urine gave strong albumin tests and 
showed the presence of white and red corpuscles; dog found dead in cage 
next morning; 5 c.c. of urine obtained from the bladder; this gave strong 
albumin tests, and showed numerous white corpuscles and granular cast-like 
bodies. 

Postmortem degeneration has advanced to such a degree as to render histo- 
logic description useless. 

Experiment 4. — Cat; 3.2 kg. Urine before salicylate showed questionable 
trace of albumin for two days; 1.05 gm. sodium salicylate was injected in 
three divided doses in the course of forty-five hours; 700 c.c. water were 
administered at different times and about 300 c.c. urine were voided during 
this interval. The animal was killed. The urine at all times gave marked 
albumin tests and showed many white, and a few red corpuscles. 

Histologically the glomeruli show practically normal vascular tufts; the 
subcapsular space in many instances shows a moderate amount of albuminous 
precipitate; a small number of glomeruli show swelling of the capsular 
epithelium. The epithelium of the proximal convoluted tubules show well marked 
granularity of the protoplasm, in some instances hyaline droplet formation, and 
infrequently many desquamated epithelial cells. The tubules otherwise are 
normal; there are no casts. 

Diagnosis: Cloudy swelling of kidney. The change might be called by 
some authors an acute tubular nephritis, but without more marked tubular 
change, and especially in the absence of notable change in the glomerular tuft, 
such a diagnosis seems hardly justifiable. 

Experiment 5.— Cat; 3 kg. Trace of albumin present in urine for a week 
before salicylate; 0.9 gm. sodium salicylate injected in two successive days; 
total injected 1.8 gm. Following second injection, marked albuminuria, few 
granular casts ; many leukocytes, few erythrocytes ; animal was killed in a 
dying condition on the second day. 

Histologically the interstitial tissue is normal. The glomeruli show normal 
capsules and no exudate in the subcapsular space, but the vascular tufts are 
large, fill the capsular spaces and are almost devoid of blood. The epithelium 
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but as the necropsy was performed two days after death, June 25, and 
as the kidneys sent to Vinci were imperfectly preserved in alcohol, 
little importance can be attached to the histologic findings. Experi- 
menting with dogs, guinea-pigs and rabbits, he found that massive 
single doses, and frequently repeated large doses, led essentially to 
the same change as he described in the human kidney. For the most 
part the drug was given by mouth, but in a few instances was given 
intravenously or subcutaneously. He states that the lesions were most 
marked in dogs, less in guinea-pigs and least in rabbits. Liithje, 4 in 
addition to a large amount of clinical work, gave repeated doses of 
sodium salicylate to two dogs, and both showed cylindruria, one show- 
ing albuminuria. Busse examined the kidneys and found general con- 
gestion, interstitial hemorrhage, cloudy swelling, fatty degeneration, 
cast formation, and in the subscapular space of the glomerulus a 
homogeneous coagulum. With the exception of the reports of von 
Ackeren, Liithje and Vinci, the literature seems to be devoid of care- 
fully controlled experimental work on the effect of salicylate on the 
kidneys of 'lower animals. 

The object of this study is to ascertain what effect the administra- 
tion of salicylate has on the morphology of the kidney and its func- 
tional efficiency as judged by certain nitrogenous constituents of the 
blood in animals subjected to varying conditions of dosage, mode and 
duration of administration of the drug. Our own work was carried 
out on dogs, cats and one rabbit. The dosage of salicylate used cor- 
responded to the so-called “toxic” or full therapeutic dose used with 
human individuals suffering with rheumatic fever, that is, about 0.23 
gm. of sodium salicylate (0.2 gm. salicylic acid) per kilo. In some cases 
only one such dose was administered. In other cases, repeated doses 
were used with the object of producing a nephritis if possible. Usually, 
the salicylate (10 per cent, solution in water ) was administered hypo- 
dermically. In a few instances the drug was also administered by 
mouth, but oral administration was not generally practiced because 
of loss of the drug by emesis. 

As a rule, the animals were observed for two to three days before 
the experiment was begun, since they .almost invariably showed some 
evidences of albuminuria. The drug was then injected and careful 
notes of symptoms, urinary and blood changes were made. Albumin 
was tested for qualitatively by the heat and acetic acid and ferrocyanid 
tests. The blood for nitrogen estimations was obtained directly from 
the heart. Nonprotein nitrogen was estimated according to the method 

4. Liithje, H. : Ueber die Wirkung von Salicylpraparaten auf die Harnwege 
nebst einigen Bemerkungen liber die Genese der Cylinder und Cylindroide, 
Deutsch. Arch. f. klin. Med., 1902, 74, 163. 



Table Showing Effect of Salicylate on Kidney 1 


Number 

Body 

Weight, 

Kg. 

Total 
Quantity 
of Sod. 
Salicylate 2 
Adminis- 
tered, 
Gm. 

No. of 

Mode of 

Albuminuria 

N.P.N. and Urea-N 
in Blood 
(Mg. in 100 C.c.) 

Animal 

Doses 

tration 

B. S. 

A. T. 

B. S. A. T. 

,Do£l 

3.1 

1 - 

4.0 

G 

Hypo + 
per os 

+st 

-fst 


Dog 2 

5.4 

4.2 

3 

Hypo. 

■+tr 

- 1 -st 


Dog 3 

5.0 

0.05 

1 

Hypo. 

— 

+ 

N.P.N. 52.0 02.0 

Cat 4 

3.2 

1.05 

3 

Hypo. 

+ 1 

+ 

N.P.N. 22.4 130.4 

Cat 5 

3.0 

1.8 

2 

Hypo. 

+tr 

+ 


Cat 0 

2.1 

1.2 

o 

Hypo. 

+sl 

-f-Sfc 


Rabbit 7 

1.2 

2.2 

1 

Hypo. 

+sl 

+st 

casts 


Cat 8 

1.9 

0.0 

1 

Hypo. 

+sl 

-hst 


Cat 9 

1.3 

0.S5 

2 

Hypo. 

-ksl 

+st 



Reaction of Blood (pH) nnd 
Alkali Reserve (RpH) 


Pathologic 

Diagnosis 


B. S. A. T. 


Cloudy swelling 


Cloudy swelling (?) 


Cloudy swelling 


Acute tubular 
nephritis 

Very slight 
cloudy swelling 

Acute tubular ne- 
phritis superim- 
posed on chronic 
interstitial 
nephritis 

Acute tubular 
nephritis 


pH 7.1 pH 7.4 Acute tubular 

nephritis 


Experiment 
Terminated 
End of 


2 days 

3 dnys 

2 days 
45 hours 

3 days 
20 hours 

3 days 


20 hours (?) 
(Died during 
night) 

20 hours 
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this variability of the effect, that is, function seemed to be favored 
sometimes, other times diminished, and partly because of the small 
differences in the results obtained, that it was impossible to decide as 
to the extent of impairment in kidney function. The study of addi- 
tional human cases seems to confirm what certainly appears to be the 
case in animals, namely, a diminution in renal functional efficiency. 
Just how permanent this change is cannot be definitely stated. In two 
of the animals there was a tendency for the urea nitrogen of the blood 
to return to the previous level, and in the majority of those observed 
over long, periods of time the albuminuria gradually diminished. 

So far as the reaction and the reserve alkalinity of the blood are 
concerned, no important changes were observed in the few animals 
studied. 

As to morphologic changes, the data indicate that full therapeutic 
doses of sodium salicylate are capable of producing in animals definite 
lesions of the kidney, easily demonstrable by microscopic examination. 
In the case of Animal 17, oral administration of the drug produced a 
renal lesion quite as severe, both functionally and morphologically, as 
followed subcutaneous administration. 

Considering the series as a whole, the administration of the drug 
was followed by histologic lesions varying from slight cloudy swelling 
of the tubular epithelium to severe cloudy swelling associated in a few 
cases with necrosis and desquamation, and in nine instances with dis- 
tinct glomerular lesions. The glomerular lesions were never very 
severe and consisted principally of swelling and multiplication of capil- 
lary endothelium. In these cases the severe involvement of the tubules 
seemed to justify emphasizing that phase in the diagnosis rather than 
making a diagnosis of acute glomerular nephritis. The finding of 
albuminous granular precipitate in the subcapsular space, in the opinion 
of the writers, does not justify a definite diagnosis of glomerular 
lesion; accordingly several cases diagnosed as cloudy swelling show in 
addition this minor change. 

The proximal convoluted tubule was apparently the first part 
attacked followed very rapidly by lesion of the distal convoluted tubule, 
then o'f the ascending limb of the loop of Henle. As a rule, it appeared 
that these divisions were involved before lesion of the glomerulus 
occurred. In cases in which all these features appeared, the lesion of 
the proximal convoluted tubule was the most severe change. No stress 
is laid on fatty changes, because, independently of experimental pro- 
cedures, such changes are practically constant in the cat and frequent 
in both the dog and rabbit. The diagnosis of necrosis of tubular 
epithelium in these kidneys rests in part on finding distinct nuclear 
pyknosis, and in part on finding desquamation of entire cells and 
groups of cells. The accompanying figure illustrates a renal lesion. 
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successive days. Within one to two hours after each of the first two injections 
the dog was depressed, with increased respiration. On the day of the third 
injection the animal appeared normal and in good condition, but following the 
third and fourth injections of the drug the animal became progressively more 
depressed and weak and died sometime during the following night and day 
(over Sunday). Albuminuria; together with leukocytes and considerable epi- 
thelium, appeared following the first injection and progressively increased until 
death (at times red corpuscles were present). Kidneys not sectioned because 
of postmortem changes. 

Experiment 11. — Dog; 6.3 kg. Mild albuminuria together with leukocytes 
present before salicylate. Sodium salicylate was injected in three divided doses 
on three successive days as follows ; 0.3 gm. daily for the first two days, and 
1.89 gm. on the third day; total injected, 2.19 gm. Dog vomited and showed 
considerable depression after each injection. Albuminuria, together with casts, 
leukocytes and epithelium, progressively increased until the animal was killed 
on the third day. Blood was obtained from the heart daily for urea nitrogen 
determination; pericardium and myocardium appeared normal. 

Histologically, the interstitial tissue and glomeruli are normal. The cortical 
tubules show a narrowed epithelial lining, the cells of which show increased 
granularity and fragmented, ragged edges; the tubular lumina are well filled 
with granular albuminous precipitate. 

Diagnosis : Cloudy swelling. 

Experiment 12. — Dog; 5.5 kg. Faint trace of albumin in urine before sali- 
cylate; 3.5 gm. sodium salicylate injected in two doses on successive days. 
Considerable depression and vomiting followed second injection. Marked 
albuminuria, together with granular casts, leukocytes, some erythrocytes and 
clumps of epithelium present in urine. Animal killed. 

Histologically, the interstitial tissue is normal, as also are the glomeruli, 
except for a slight deposit of granular albuminous material in the subcapsular 
space. The epithelium of the cortical tubules is more granular than normal 
and the tubular lumina, increased in caliber, contain much albuminous granular 
precipitate. 

Diagnosis : Cloudy swelling. 

Experiment 13. — Cat; 2.1 kg. Albuminuria present before salicylate; 0.94 
gm. sodium salicylate injected as follows: 0.62 gm. on the first day, 0.32 gm. 
on the second day. Convulsions of medullary type occurred about eight hours 
after first injection, and cat died in about two hours after the second injection. 
Albumin in urine present after each injection, though not marked. 

Histologically, the interstitial tissue is normal. The glomerular tufts are 
large, richly cellular and bloodless. The convoluted tubules show a moderate 
amount of fat. The cortical tubules as a whole show marked granularity of 
cell protoplasm, in several places, desquamation. - The tubular lumina contain 
albuminous granular material and several of the distal convoluted tubules show 
an accumulation of hyaline material in the lumina, not as yet fused and 
separated to form casts. 

Diagnosis: Acute tubular nephritis. 

Experiment 14.— Kitten; 0.5 kg. No urine obtainable at any time. Single 
dose of 0.15 gm. sodium salicylate injected. Animal remained in good con- 
dition; killed at the end of 6Vs hours after injection. 

The histologic changes in this kidney are practically the same as those seen 
in Animal 13. 

Diagnosis: Acute tubular nephritis. 

Experiment 15.— Kitten; 0.5 kg. No urine obtainable at any time. Single 
dose of 0.15 gm. sodium salicylate injected. Considerable depression at the 
end of six hours after injection; died while attempting to secure blood from 
heart. 
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glomeruli except cloudy swelling of the lining epithelium and albumin- 
ous precipitate in the subcapsular space (Experiment 4). 

An interesting fact, which may or may not have a bearing on the 
problem of albuminuria and , nephritis, is a diminution in the total 
excretion of salicylate in the urine of Dog 18 as compared with the 
urinary excretion of Dog 19. The kidney of Dog 18 shows a definite, 
acute tubular nephritis which, in part, at least, may have been present 
before the animal received salicylate. Dog 19 was in good condition 
and the kidneys show cloudy swelling without glomerular change. 
Relatively, the accumulation of urea nitrogen in the blood of Dog 18 
is also greater than that of Dog 19. Whatever the explanation may be, 
it is nevertheless interesting to note that the animal showing the more 
profound renal functional and morphologic changes excreted less 
salicylate than the animal with the less pronounced changes. This 
coincides with certain observations reported by Hanzlik, Scott and 
Thoburn 0 on the excretion of salicylate in human beings with different 
clinical conditions as compared with normal individuals. 

CONCLUSIONS 

1. The administration of salicylate in doses corresponding to full 
therapeutic doses for human beings per kilo of body weight, causes 
the appearance of albumin, leukocytes, casts or cast-like bodies, and 
sometimes red blood corpuscles, in the urine of animals (cats, dogs 
and one rabbit). 

2. A pre-existing albuminuria is aggravated by the administration 
•of salicylate. 

3. The albuminuria is of direct renal origin. 

4. So far as the nonprotein and urea nitrogen of the blood are 
concerned, there is a diminution in renal functional efficiency. 

5. Morphologically, a lesion of the kidney appears, varying in 
severity from simple cloudy swelling of the epithelium of the proximal 
convoluted tubule to extensive cloudy swelling of all the cortical parts 
■of the tubules, associated with an acute intracapillary glomerulitis, the 
latter process being denominated as an acute tubular nephritis. 


PROTOCOLS 

Experiment 1.— Dog; 3.1 kg. Urine before salicylate was albumin-free; 
received 0.3 gm. sodium salicylate per kilo by mouth; 1 hour later there was 
■marked albuminuria. On the following day there was still marked albuminuria; 
received two doses of 0.3 gm. each per kilo, but vomited almost immediately 
after each dose; 4 gm. of salicylate were then injected in three divided doses 

9 Hanzlik, P. J-, Scott, R. W., and Thoburn, T. W.: The Salicylates. V. 
Secretion of Salicyl in the. Urines of Rheumatic and Non-Rheumatic Individuals, 
Jour. Pharm. and Exper. Therap., 1917, 9, 247. 
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successive clays. Within one to two hours after each of the first two injections 
the dog was depressed, with increased respiration. On the day of the third 
injection the animal appeared normal and in good condition, but following the 
third and fourth injections of the drug the animal became progressively more 
depressed and weak and died sometime during the following night and day 
(over Sunday). Albuminuria; together with leukocytes and considerable epi- 
thelium, appeared following the first injection and progressively increased until 
death (at times red corpuscles were present). Kidneys not sectioned because 
of postmortem changes. 

Experiment 11. — Dog; 6.3 kg. Mild albuminuria together with leukocytes 
present before salicylate. Sodium salicylate was injected in three divided doses 
on three successive days as follows ; 0.3 gm. daily for the first two days, and 
1.89 gm. on the third day; total injected, 2.19 gm. Dog vomited and showed 
considerable depression after each injection. Albuminuria, together with casts, 
leukocytes and epithelium, progressively increased until the animal was killed 
on the third day. Blood was obtained from the heart daily for urea nitrogen 
determination ; pericardium and myocardium appeared normal. 

Histologically, the interstitial tissue and glomeruli are normal. The cortical 
tubules show a narrowed epithelial lining, the cells of which show increased 
granularity and fragmented, ragged edges; the tubular lumina are well filled 
with granular albuminous precipitate. 

Diagnosis : Cloudy swelling. 

Experiment 12. — Dog; 5.5 kg. Faint trace of albumin in urine before sali- 
cylate; 3.5 gm. sodium salicylate injected in two doses on successive days. 
Considerable depression and vomiting followed second injection. Afarked 
albuminuria, together with granular casts, leukocytes, some erythrocytes and 
clumps of epithelium present in urine. Animal killed. 

Histologicallj r , the interstitial tissue is normal, as also are the glomeruli, 
except for a slight deposit of granular albuminous material in the subcapsular 
space. The epithelium of the cortical tubules is more granular than normal 
and the tubular lumina, increased in caliber, contain much albuminous granular 
precipitate. 

Diagnosis : Cloudy swelling. 

Experiment 13. — Cat; 2.1 kg. Albuminuria present before salicylate; 0.94 
gm. sodium salicylate injected as follows: 0.62 gm. on the first day, 0.32 gm. 
on the second day. Convulsions of medullary type occurred about eight hours 
after first injection, and cat died in about two hours after the second injection. 
Albumin in urine present after each injection, though not marked. 

Histologically, the interstitial tissue is normal. The glomerular tufts are 
large, richly cellular and bloodless. The convoluted tubules show a moderate 
amount of fat. The cortical tubules as a whole show marked granularity of 
cell protoplasm, in several places, desquamation. • The tubular lumina contain 
albuminous granular material and several of the distal convoluted tubules show 
an accumulation of hyaline material in the lumina, not as yet fused and 
separated to form casts. 

Diagnosis: Acute tubular nephritis. 

Experiment 14. — Kitten; 0.5 kg. No urine obtainable at any time. Single 
dose of 0.15 gm. sodium salicylate injected. Animal remained in good con- 
dition; killed at the end of 6Vs hours after injection. 

The histologic changes in this kidney are practically the same as those seen 
in Animal 13. 

Diagnosis : Acute tubular nephritis. 

Experiment 15. — Kitten; 0.5 kg. No urine obtainable at any time. Single 
dose of 0.15 gm. sodium salicylate injected. Considerable depression at the 
end of six hours after injection; died while attempting to secure blood from 
heart. 
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of the cortical, tubules contains much fat, but marked granularity of the proto- 
plasm can easily be made out, and the lumina of many of the tubules contain 
fine and coarsely granular albuminous precipitate. 

Diagnosis: Acute tubular nephritis. 

Experiment 6.— Cat; 2.1 kg. Trace of albumin in urine before salicylate ; 
0.6 gm. sodium salicylate injected in two doses within twenty-six hours; total 
injected 1.2 gm. Marked albuminuria together with granular casts and leuko- 
cytes. Animal markedly depressed; killed. 

Histologically, the interstitial tissue and the glomeruli are in all respects 
normal. The epithelium of proximal and distal convoluted tubules, as well as 
of the ascending loop of Henle, show various stages of cloudy swelling, from 
swelling of the epithelium with occlusion of the lumen to narrowing of the 
epithelial lining, with the presence of a considerable amount of granular pre- 
cipitate in the lumina. There are a few hyaline casts and a few minute inter- 
stitial hemorrhages. 

Diagnosis: Slight cloudy swelling; almost a normal kidney. 

Experiment 7. — Rabbit; 1.2 kg. Urine free from albumin before salicylate; 
2.2 gm. sodium salicylate injected in four doses on three successive days. Fol- 
lowing each injection, mild albuminuria, together with occasional granular and 
hyaline casts. Throughout the experiment the animal appeared normal; killed. 

Histologically, the interstitial tissue shows numerous small areas of over- 
growth with associated atrophy of tubules and glomeruli. In the large areas 
between these foci the interstitial tissue is apparently normal. The glomerular 
capsules and subcapsular spaces show nothing pathologic. The vascular tufts 
are large, bloodless and apparently the seat of an acute glomerulitis. In some- 
what irregularly distributed areas the convoluted tubules show marked granu- 
larity, vagueness of outline, fragmentation and desquamation, with slight 
pyknosis of a few of the nuclei. The tubular lumina contain granular albuminous 
precipitate and a few hyaline casts. 

Diagnosis : Acute tubular nephritis superimposed on chronic interstitial 
nephritis. 

Experiment 8. — Cat; 1.9 kg. Slight albuminuria present before salicylate. 
A single injection of 0.6 gm. sodium salicylate was given. Animal found dead 
in cage next morning; bladder urine contained large quantity of albumin 
and casts. 

Histologically, the interstitial tissue and the glomeruli are normal, except 
that a very few of the latter show large, bloodless, richly cellular, vascular 
tufts. The epithelium of the cortical tubules is more granular than normal 
an'd occupies a decreased space in the tubule. The correspondingly enlarged 
lumina are filled with finely and coarsely granular albuminous precipitate. Sev- 
eral arched collecting tubules contain hyaline casts. 

Diagnosis : Acute tubular nephritis. 

Experiment 9. — Cat; 1.3 kg. Trace of albumin in urine before salicylate; 
0.85 gm. sodium salicylate injected in two doses on two successive days. Ani- 
mal died in IV 2 hours after second injection; kidneys excised immediately after 
death; bladder urine gave strong tests for albumin; granular casts present. 

Histologically, the interstitial tissue is normal, as are also the glomerular 
capsules and subcapsular spaces. The glomerular tufts are large, devoid of 
blood and richly cellular. The epithelium throughout the cortex shows cloudy 
swelling, but in the proximal and distal convoluted tubules the granulation is 
very marked; there is fragmentation and desquamation of cells, the tubular 
lumina are filled with albuminous precipitate and an occasional narrow hyaline 
cast can be seen. 

Diagnosis: Acute tubular nephritis. 

Experiment 10.— Dog; 6.5 kg. Urine free from albumin and casts before 
salicylate; 6.05 gm. sodium salicylate injected in four divided doses on four 
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total quantity of salicylate recovered from the cage contents (urine, etc.) was 
26.6 per cent., expressed as salicylic acid. 

Histologically, the interstitial tissue is normal. The glomeruli show large, 
bloodless, richly cellular vascular tufts and a small amount of finely granular 
albuminous precipitate in the subcapsular space. The cortical tubular epi- 
thelium shows cloudy swelling, most markedly in the proximal convoluted tubules, 
where there is marked granularity, fragmentation and desquamation, the tubular 
lumina containing granular albuminous material but no casts. 

Diagnosis : Acute tubular nephritis. 

Experiment 19. — Dog; 5.8 kg. Urine practically free from albumin before 
salicylate. Single dose of 1.3 gm. sodium salicylate (actually 1.235 gm. sali- 
cylic acid). Animal became nauseated, but no vomiting occurred; for two 
days following the injection, the albuminuria increased, then gradually dis- 
appeared, only a trace being present on the last day of the experiment. Blood 
was secured daily from the heart for urea nitrogen estimation ; the animal 
remained in good condition; killed on the fourth day; all viscera appeared 
normal. The total quantity of salicylate recovered from the cage contents 
(urine, etc.) was 55.4 per cent., expressed as salicylic acid. 

Histologically, the interstitial tissue is normal. The glomeruli are normal, 
except that the subcapsular spaces frequently contain granular albuminous 
precipitate. The cortical tubular epithelium, as in Dog 18, shows cloudy swell- 
ing, most markedly in the proximal convoluted tubules where there is marked 
granularity, fragmentation and desquamation, the tubular lumina containing 
granular albuminous material but no casts. 

Diagnosis: Marked cloudy swelling. 

We are indebted to Mr. T. W. Thoburn, of the Third Year Class, for ser- 
vices rendered in connection with the work. 
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Histologically, the interstitial tissue is normal. The glomeruli are large, 
contain a moderate amount of blood and there is a small amount of granular 
albuminous precipitate in the subcapsular spaces. 

The cortical tubular epithelium shows slightly increased granularity and the 
tubular lumina contain a small amount of granular albuminous material. 

Diagnosis : Slight cloudy swelling. 

Experiment 16. — Cat ; 2 kg. Slight albuminuria, together with leukocytes 
before salicylate. Single dose of 0.6 gm. sodium salicjdate injected. Albuminuria 
considerably increased ; leukocytes numerous ; some erythrocytes and cast-like 
bodies. Animal killed at end of nine hours after injection. 

Histologically, the interstitial tissue is normal. The vascular tufts of the 
glomeruli are large, contain an occasional erythrocyte, but are more richly 
cellular than normal and frequently show filling of capillary loops by endo- 
thelium. The subcapsular spaces contain albuminous granular precipitate. The 
cortical tubules show well marked cloudy swelling, most marked in the proximal 
convoluted tubules, where the cells are large and extremely granular, and the 
tubular lumina are filled with much albuminous granular precipitate. 

Diagnosis : Acute tubular nephritis. 

Experiment 17. — Dog; 7.5 kg. Albuminuria present, but no casts before 
salicylate. On the first day 0.25 gm. sodium salicylate was administered into 
the stomach every hour until six doses were given; total salicylate adminis- 
tered, 1.5 gm. Urine was expressed from the bladder at intervals, but con- 
tained no more albumin than before salicylate ; no casts ; occasional leukocytes 
and erythrocytes present; no vomiting; no depression. On the second day 
1.5 gm. salicylate were administered in the same way as on the first day; total 
salicylate administered in experiment, 3 gm. Vomiting occurred after the last 
dose was administered ; the animal showed some depression and incoordination ; 
more vomiting occurred during the following night. The animal was observed 
continuously for seven days after the last injection; total observation period, 
nine days. .Albuminuria increased gradually up to the fourth day after injection 
of salicylate, then gradually diminished until the last day, when only a fairly 
positive trace of albumin was present; no casts at any time. The animal gained 
•weight slightly (160 gm.) and remained in good condition throughout the 
experiment. Blood from the heart was obtained daily for urea nitrogen and 
reaction estimations ; killed on the ninth day. 

Histologically, the interstitial tissue is normal. The vascular tufts of the 
glomeruli are large, bloodless and richly cellular. The subcapsular spaces con- 
tain granular albuminous precipitate. The cortical tubules show cloudy swelling, 
most markedly in the proximal convoluted tubules, where there is marked 
granularity of the epithelium as well as fragmentation and desquamation. The 
tubular lumina show much granular albuminous material and a few epithelial 
and coarsely granular casts. 

Diagnosis: Acute tubular nephritis. 

Experiment 18. — Dog; 4 kg. Albumin present (more than a trace) and 
some leukocytes before salicylate. A single dose of 1.2 gm. sodium salicylate 
(actually 1.32 gm. salicylic acid) was injected hypodermically. Animal observed 
for next four days. Dog originally was not very vigorous ; no depression from 
salicylate, but progressively became morose, emaciated and emitted a foul odor 
from the oral cavity, which showed signs of infection; site of salicylate injec- 
tion was edematous and necrotic. Albuminuria, together with leukocytes, present 
throughout experiment, and remained about the same after the salicylate. Blood 
was secured from the heart daily for urea nitrogen estimation; killed on fourth 
day. Pericardium and myocardium appeared normal. Left kidney showed 
about ten large, irregular white patches diffusely scattered on the surface; in 
some places these appeared to be raised, resembling miliary tubercles. The 
right kidney showed three such patches. Other viscera appeared normal. The 
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19.30 


4- tr. 

4- inc. 


-L. 


i 

4- ! 


11 (S. V.) 

Rheumatic fever 

Febrile 









18 33 

Moderate 

4- tr. i 

+ inc. ( 

4- oe. 

+ inc. 

+ 

4- Inc. 


12 (W.B.) 

Rheumatic fever 


100 c.c. every hour for 5 hrs.; 


. 



1 





Old T. B. lesion 

Febrile 

200 c.c. every 2 hrs. thereafter 

8.75 

Very pro- ! 

4- tr. 

+ inc. | 


+ 



4- 


13 (D. T.)f 

of apex 
Normal 

Afebrile 

100 c.c. every hour for 7 hrs.; 


fuse 










200 c.c. every 2 hrs. thereafter 

13.3 

Mild 

4- tr. 

+ inc. 

— 

■f* 

— 

— 

1 14.0 

14 (J. T.){ 

Normal 

Afebrile 

100 c.c. every hour for 6 hrs. 

10.5 

Mild 

-1- tr. 

+ inc. 

4- oc. 

+ inc. 

— 

— 


15 (M. Z)t 

j Normal 

Febrile 

100 c.c. every hour for 6 hrs. 

10.5 

Marked 

'h st. 

-1- inc. 

+ 

1 

+ inc. 

+ 

*1* 

s 
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Histologically, the interstitial tissue is normal. The glomeruli are large, 
contain a moderate amount of blood and there is a small amount of granular 
albuminous precipitate in the subcapsular spaces. 

The cortical tubular epithelium shows slightly increased granularity and the 
tubular lumina contain a small amount of granular albuminous material. 

Diagnosis : Slight cloudy swelling. 

Experiment 16. — Cat; 2 kg. Slight albuminuria, together with leukocytes 
before salicylate. Single dose of 0.6 gm. sodium salicylate injected. Albuminuria 
considerably increased; leukocytes numerous; some erythrocytes and cast-likc 
bodies. Animal killed at end of nine hours after injection. 

Histologically, the interstitial tissue is normal. The vascular tufts of the 
glomeruli are large, contain an occasional erythrocyte, but are more richly 
cellular than normal and frequently show filling of capillary loops by endo- 
thelium. The subcapsular spaces contain albuminous granular precipitate. The 
cortical tubules show well marked cloudy swelling, most marked in the proximal 
convoluted tubules, where the cells are large and extremely granular, and the 
tubular lumina are filled with much albuminous granular precipitate. 

Diagnosis : Acute tubular nephritis. 

Experiment 17. — Dog; 7.5 kg. Albuminuria present, but no casts before 
salicylate. On the first day 0.25 gm. sodium salicylate was administered into 
the stomach every hour until six doses were given; total salicylate adminis- 
tered, 1.5 gm. Urine was expressed from the bladder at intervals, but con- 
tained no more albumin than before salicylate ; no casts ; occasional leukocytes 
and erythrocytes present; no vomiting; no depression. On the second day 
1.5 gm. salic}date were administered in the same way as on the first day; total 
salicylate administered in experiment, 3 gm. Vomiting occurred after the last 
dose was administered ; the animal showed some depression and incoordination ; 
more vomiting occurred during the following night. The animal was observed 
continuously for seven days after the last injection; total observation period, 
nine days. .Albuminuria increased gradually up to the fourth day after injection 
of salicylate, then gradually diminished until the last day, when only a fairly 
positive trace of albumin was present; no casts at any time. The animal gained 
weight slightly (160 gm.) and remained in good condition throughout the 
experiment. Blood from the heart was obtained daily for urea nitrogen and 
reaction estimations; killed on the ninth day. 

Histologically, the interstitial tissue is normal. The vascular tufts of the 
glomeruli are large, bloodless and richly cellular. The subcapsular spaces con- 
tain granular albuminous precipitate. The cortical tubules show cloudy swelling, 
most markedly in the proximal convoluted tubules, where there is marked 
granularity of the epithelium as well as fragmentation and desquamation. The 
tubular lumina show much granular albuminous material and a few epithelial 
and coarsely granular casts. 

Diagnosis: Acute tubular nephritis. 

Experiment 18. — Dog; 4 kg. Albumin present (more than a trace) and 
some leukocytes before salicylate. A single dose of 1.2 gm. sodium salicylate 
(actually 1.32 gm. salicylic acid) was injected hypodermically. Animal observed 
for next four days. Dog originally was not very vigorous; no depression from 
salicylate, but progressively became morose, emaciated and emitted a foul odor 
from the oral cavity, which showed signs of infection; site of salicylate injec- 
tion was edematous and necrotic. Albuminuria, together with leukocytes, present 
throughout experiment, and remained about the same after the salicylate. Blood 
was secured from the heart daily for urea nitrogen estimation; killed on fourth 
day. Pericardium and myocardium appeared normal. Left kidney showed 
about ten large, irregular white patches diffusely scattered on the surface; in 
some places these appeared to be raised, resembling miliary tubercles. The 
right kidney showed three such patches. Other viscera appeared normal. The 
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It is the object of this paper to summarize the results of all of our 
observations on the effects on human renal functional efficiency. 
Observations on twelve additional individuals have been added to the 
sixteen previously reported, making a total, therefore, of twenty-eight 
different individuals, and thirty-two observations. A definite quantity 
(20 c.c.) of salicyl (usually of about 10 per cent, strength) in the form 
of sodium salicylate was administered, together with 80 c.c. of water, 
every hour until the subject complained of the well known' symptoms 
of “toxicity.” Then the administration was stopped, but the water was 
continued, usually 200 c.c. every two hours, until the excretion of 
salicyl in the urine ceased. That is, the fluid intake was maintained 
constant throughout as nearly as possible. Urine was collected every 
ten hours throughout the experiment and examined qualitatively (by 
the heat and acetic acid and ferrocyanid tests), and quantitatively (by 
the gravimetric method of Folin and Denis) for the presence of 
albumin, and microscopically for leukocytes, casts, etc., before and after 
the administration of the drug. Other tests of renal -functional effi- 
ciency (before and after the administration of salicyl) were made as 
follows: The total nonprotein nitrogen of the blood was estimated 
according to the method of Folin and Denis, 3 using titration and dis- 
tillation instead of the colorimetric procedure. The urea nitrogen con- 
tent of the blood was estimated by the urease, aeration and colorimetric 
procedure. 4 The percentage excretion of phenolsulphonephthalein in 
two hours was studied in the usual way. The various clinical data per- 
taining to all the subjects are summarized in Table 1. 

1. Salicyl Causes Albuminuria and Aggravates a Pre-existing Alb'io-. 
minuria . — In all the individuals of the present series, the administration 
of salicylate was followed by the presence of albumin, leukocytes and 
granular casts or cast-like bodies in their urines. This is, therefore, 
confirmative of our former observations. It is further confirmed that 
the albuminuria is not of febrile, but of direct renal origin, for it occurs 
in febrile, afebrile, rheumatic, nonrheumatic and normal persons. 

Many of the individuals showed some degree of albuminuria before 
the drug was administered. It was, therefore, necessary to study the 
excretion quantitatively in order to ascertain definitely if this was 
increased by the salicylate. This was done by the gravimetric method 
of Folin and Denis. 5 The results from all the individuals studied 
(twenty-two) are presented in Table 2, and in Figure 1, which presents 

3. Folin and Denis: Jour. Biol. Chem., 1912, 11 , 527. 

4. We wish to express our thanks to Dr. Cyrus H. Fiske of the Biochemical 
Laboratory for suggesting the use of a glycerin extract of the jack bean for 
the urease. 

5. Folin and Denis: Jour. Biol. Chem., 1914, 18 , 273. 
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VII, FURTHER OBSERVATIONS ON ALBUMINURIA AND RENAL FUNCTIONAL 
CHANGES FOLLOWING THE ADMINISTRATION OF FULL 
THERAPEUTIC DOSES OF SALICYLATE * 

PAUL J. HANZLIK, M.D., R. W. SCOTT, M.D. 

AND 

T. W* THOBURN, A.B, 

CLEVELAND 

In a previous communication 1 it was shown that the administration 
of salicylate in full therapeutic doses invariably causes the appearance 
of albumin, together with leukocytes and casts or cast-like bodies, in 
the urines of rheumatic and nonrheumatic individuals. The observa- 
tions on renal function were inconclusive because of the variations and 
small differences in both the phenolsulphonephthalein excretion and 
nonprotein nitrogen of the blood before and after the administration of 
the drug. It was definitely shown, however, that the albuminuria is 
not of febrile, but of direct renal origin. The albuminuria, in some 
cases, is so severe that the presence of a nephritis is suggested. This 
was found to be the case in animals 2 (cats, dogs and a rabbit) receiving 
quantities of salicylate per kilo of body weight corresponding to the 
full therapeutic dose in human beings, in single and repeated doses, by 
mouth and subcutaneously. The pathologic changes in the kidney were 
interpreted as an acute tubular nephritis. An accumulation of non- 
protein and urea nitrogen in the bloods of a majority of the animals 
was also demonstrable. In other words, salicylate, in these animals, 
caused a diminution in renal functional efficiency, so far as these tests 
are concerned. 

These findings encouraged us to extend our former observations, 
and arrive, if possible, at some final decision concerning the effects of 
salicylate on renal function in human beings. If it could be- definitely 
shown that the drug injures the kidney, it should engender caution in 
its careless or promiscuous use as a remedy, particularly as to repeated 
administrations. 

* Submitted for publication Jan. 22, 1917. 

* From the Pharmacological Laboratory, Western Reserve University, and 
'Medical Clinic, City Hospital 

* This investigation was supported, in part, by a grant from the Therapeutic 
Research Committee of the Council on Pharmacy and Chemistry of the Ameri- 
can Medical Association. 

1. Scott, R. W., and Hanzlik, P. J.: Jour. Am. Med. Assn.. 1916, C7, 1838, 

2. Hanzlik, P. J., and Karsner, H. T.: The Archives Int. Med., this issue, 

p. 1016. 
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Fig. 1. — Excretion of albumin in urine in each ten-hour period following 
the administration of full therapeutic doses of salicylate. The curve represents 
median values; the number in parenthesis refers to number of different indi- 
viduals; B. S. means “before salicyl.’' 


IJ/U/flJU 



Fig. 2. — Excretion of urine in each ten-hour period following the administra- 
tion of full therapeutic doses of salicylate. The curve represents median values ; 
the number in parenthesis refers to number of different individuals; B. S. 
means “before salicyl.” 
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TABLE 4. — Excretion of Phenolsulphonephthalein in the Urines of Indi- 
viduals Receiving Full Therapeutic Doses of Salicylate* ' 


Per Cent, of Phenolsulphonephthalein Excreted in Two Hours 


Number 

1 

B. S. 

A. T. 

] Daily observations After "Toxicity” 

End of 
Experiment 

1 

2 

3 

6 

CO.O 

55.0 

60 

, , 

, , 

60.0 

7 

65.0 

60.0 

55 


.. 

60.0 

8 

70.0 

60.0 

65 


•• 

70.0 

16bt 

30.0 * 

35.0 



.. 

35.0 

171 

60.0 

50.0 

.. 

.. 

• • 

50.0 

23 

50.8 

26.6 

53 

66 

75 

72.0 

24 

68.0 

74.0 

60 

79 

. 98} 

88.0 

25 

100.0 

60.0 

90 

100 

.. 

100.0 

26 

66.0 

60.0 

50 

62 

• • 

68.0 

271 

89.0 

75.0 

76 

94 

•• 

90.0 

281 

70.0 

48.0 

62 

75 


75.2 

Median^ 

66.0 

55.0 

60 

77 

•• 

70.0 

13 

62.0 

75.0 

- " 




14 

70.0 

50.0 


* 



15 

74.0 

25.0 





16a 

25.0 

35.0 





• 16c 

35.0 

45.0 





16d 

35.0 

45.0 





18 

60.0 

60.0 





19 

75.0 , 

85.0 





20 

75.0 

75.0 





21 

75.0 

70.0 





22 

75.0 

80.0 




. 

Median}! 

70.0 

60.0 






* In this table, B. S. means “before snlicyl”; A, T. means “at toxicity”; the end of the 
experiment was about eighty to ninety hours after administration. 

t Received sodium bicarbonate together with the salicylate. 

} Mean of 98, 88, 95, 100, 97, 88, 100, 100 and 92.5 per cent, of nine following days, respectively. 

§ Used in the construction of the long curve in Figure 3. 

U Used in the construction of the short curve in Figure 3. 

administration of the drug. This diminution in water excretion is due, 
in part, to diaphoresis, which was usually marked, though variable, in 
all the subjects; and, in part, to retention; that is, edema, which we 
shall describe in a forthcoming contribution. 

3. Excretion of Phenolsulphonephthalein is Lessened . — The curves 
in Figure 3 and the data (from nineteen different individuals and 
twenty-two observations) in Table 4 show that there is a diminution in' 
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in the blood. This begins to be evident about the time of ‘‘toxicity,” 
reaches its maximum about twenty-four to thirty hours after adminis- 
tration, and returns to its previous level at the end of about eighty to 
ninety hours (three and one-third to three and three-quarter days). 
This is shown by the curve in Figure 4 and the data in Table 5. These 
seven persons represent the most complete study of the nitrogenous 
constituents of the blood of our series. 

TABLE 5. — Urea Nitrogen Content of the Blood of Individuals Receiving 
Full Therapeutic Doses of Salicylate* 



Mg. Urea Nitrogen in 100 C.c. of Blood 

Number j 

B. S. 

| A. T. 

| 

| Daily observations After 

“Toxicity" 

End of 
Experiment 


1 

2 

3 " 

: 

22 

6.4 

4.3 

» • • • 

.... 

/ 

1 

I -• 

6.0 

23 

11.5 

14.3 

15.6 

14.0 


10.1 

24 

9.8 

12.5 

20.5 

14.7 

13.5t 

. 13.5 

25 

16.0 

17.0 

14.5 

16.5 

J 

14.9 

26 

17.2 

16.0 ! 

20.6 

19.0 

1 

16.0 

27{ 

14.3 

17.6 ! 

21.4 

13.4 

. ... 

‘ 13.4 

2SJ 

19.5 

21.6 

20.6 


.... | 

14.0 

Medians 

[ 14.3 ; 

i ' 

1G.0 

20.6 

14.7 

.... 

13.5 

ITt 

28.0 | 

22.0 



i 


16d 

9.1 

i 

8.3 





18 

9.1 " 

6.0 




■ 

•19 

16.3 

3.0 





20 

7.4 

7.6 





21 

15.4 

16.2 

i 






* In this table, B. S. means “before salicyl’’; A. T. means “at toxicity"; the end of the 
experiment was about eighty to ninety hours after administration. 

t Mean of 12.3, 14.2, 12.1, 15.G, 13.5, 15.5, 12.5, and 13.5 for following eight days, respectively, 
f Received bicarbonate together with salicylate. 

§ Used for the construction of the curve in Figure 4. 

In a number (six) of persons from whom it was impossible to 
obtain blood as frequently as was desirable, the results are not so con- 
clusive, for the greatest accumulation of urea nitrogen would occur 
some time after the last specimen of blood was obtained. The blood 
was obtained only before the administration of the drug and at 
“toxicity.” The results are presented in Table 5. It is seen there is a 
definite diminution of the urea nitrogen of the blood at “toxicity” in 
three (Patients 17, 18 and 19), and the content in the other patients 
was practically unchanged. It is quite likely that the important phase 
in the curve of accumulation of the urea nitrogen was missed in these 
experiments. 
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TABLE 2. — Excretion or Albumin in Urine or Individuals Receiving Full 

Thekait.utic Doses or Salicylate 


Grams of Albumin Excreted In Kncl) Ten-Hour Period 
No. 



D. S.* 

1 

; o 

S 

4 

G 

0 

! 7 

S 

D 

<1 

0.0 

o.c> 

j 0.14 

0.00 

| 0.03 

: o.u 

1 0.0 

0.0 

1 

1 0.0 

1 0.0 

A 

s> 

0.0 

0.12 

, 0,45 

0.41 

i 0.32 

j 

0.31 

1 0.1S 

0.0 

! o.o 

! 0.0 

G 

0.0 

0.1 2 

0.07 ’ 

0.10 

j 0.42 

j 

: o.io 

i 0.37 

0.09 

! 0.03 

I 0.0, 

< 

0.0 

0.10 

0.00 

0.03 

: 0.02 

0.01 

; 0.0 

0.0 

i 

i 0.0 


0.0 

0.22 

0.03 

0.27 

0.14 

0.02 

0.10 

0.0 

■ 0.0 

1 0.0 

j 

f> 

0.0 

0.0 

0.0 

0.03 

O.OS 

0.03 

. 0.01 

0.01 

1 0.0 

1 0.0 

10 

0.21 

O.CO 

0.43 

O.CO 

1 0.70 

1 

0.72 

O.CO 

0.22 

, 0.29 

: 0.11 

11 

0.10 

0.13 

0.1S 

0.11 

! 0.25 

i 

! 0.1 S 

; 0.10 

0.01 

o.oo 

j 0,01 

12 

0.00 

0.20 

| 0.10 

0.01 

i 0.10 

0.0 1 

j 0.07 

0.1S 

| 0.10 

j 0.10 

1Gb) 

o.oce 

0.03 

i 0.21 

0.00 

0.07 

0.03 

i 0.01 

0.02 

! O.OS 

1 0.01 

ICc 

0.0.1 

0.01 

j 0.10 

0.0S 

•0.05 

0.15 

! o.os 

0.02 

| 0.0 G 

| 0.000 

IGd 

0.002 

0.01 

; 0.10 

0.02 

0.12 

1 0.00 

«... 

| 0.07 

0.0 

0.0 

IT) 

0.0! 

0.20 

0.03 

0.24 

O.OC 

| 0.10 

! o.oo 

1 

I 0.02 

0.03 

0.14 

IS 

0.11 

0.1 C 

! 0.13 

: o.os 

O.OS 

! 0.03 

1 

j o.oo 

1 0.03 

0.03 

0.04 

10 

0.00 

0.10 

0.27 

0.17 

0.42 

| 0.25 

j 

0.31 

: o.ss 

1 

0.003 

0.13 

20 

0.01 

0.3S 

0.2S 

0.02 

0.000 

; o.os 

0.07 

j 0.05 

0.05 

0.02 

21 u 

0.22 

0.32 

o.r>5 

0.1S 

1.17 

1 0.10 

0.01 

1 

.... 

.... 

0.13 

22 

0.00 

0.05 

0.00 

0.04 

0.03 

1 0.0 i 

0.02 

0.01 

0.03 

0.0 

21b 

0.0 

0.01 

0.18 

0.00 

0.02 

0.0 

0.0 

0.0 

0.0 

0.0 

23 

0.02 

0.07 

o.os 

0.03 

0.01 

0.00 

0.11 

0.0 

0.2G 

O.OS 

21 

0.0 

0.00 

0.31 

0.22 

0.23 

0.21 

0.05 

O.OS 

.... 

0.04 

or. 

0.0 

0.00 

0.00 

0.12 

0.14 

O.OS 

0.00 

0.02 

0.0 

0.0 • 

•20 

o.or> 

0.2S 

0.12 

0.12 

0.40 

l.DS 

0.GS 

0.21 

0.0 

0.0 

27t 

0.01 

0.1S 

0.33 

0.35 

0.00 

0.02 

0.09 

,0.05 

0.0 

0.0 

28) 

0.0 

0.00 

0.03 

0.0-1 

0.02 

0.07 

0.05 

0.02 

0.0 

0.0 

Mcdlnn 

0.02 

0.1S 

0.12 

0.10 

O.OS 

0.00 

0.07 

0.02 

0.02 

0.03 


* B. S. means "before snlleyl." 
t Received bicarbonate together with salicylate. 


the course of the excretion by a curve of median values. This shows 
conclusively that a pre-existing albuminuria is aggravated by the 
administration of salicyl. It will be seen, also,' that the albuminuria 
reaches its maximum at, or shortly after, “toxicity,” and gradually 
tends to reach its previous level. As judged from the estimations of 
the salicyl content of these urines, the cessation of albumin excretion 
roughly coincides with the cessation of salicyl excretion. In a number 
of the individuals, however, the albuminuria tended to persist. 
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and Frey 8 9 for rabbits) that the administration of bicarbonate together 
with salicylate, or rendering the urine alkaline during salicyl medica- 
tion, tends to lessen or inhibit the albuminuria. Ehrmann, 0 who was 
not convinced that salicyl always caused albuminuria, claimed that 
alkalinity had no influence on the excretion of albumin in individuals 
in whom albuminuria occurred. 

The results obtained by us do not support the claims that have been 
made for the beneficial effects of bicarbonate. Patients 13, 16b, 17, 27 
and 28 received bicarbonate, together with salicylate, and the majority 

* 

TABLE 6 . — Total Nonprotein Nitrogen of the Blood of Individuals 
Receiving Full Therapeutic Doses of Salicylate* 


Mg. of Nonprotein Nitrogen in 100 C.e. of Blood 


Number 

B. S. 

A. T. 

12 Hours After 
“Toxicity" 

End of 
Experiment 

5 

33.1 

24.0 

26.9 

29.4 

6 

42.5 

49.6 

54.6 

76.6 

7 

30.6 

44.6 

41.6 

16.6 

8 

27.5 

35.5 

27.5 

10.2 

9 

33.3 

48.2 

49.2 

39.3 

10 

24.0 

14.2 

16.5 

19.5 

11 

31.1 

24.1 

21.3 

24.3 

12 

40.6 

29.4 

14.1 


16b f 

35.1 

20.9 


43.3 

16c 

35.1 

19.7 


30.0 

Mediant 

33.2 

27.8 

27.2 

29.4 

12 

66.3 

63.1 



18 

52.2 

42.3 



14 

52.2 

52.5 



15 

53.1 

63.2 




* In this table, B. S. means "before salicyl”; A. T. means "at toxicity”; end of experi- 
ment was about eighty to ninety hours after administration, 
t Received bicarbonate together with salicylate, 
t Used for the construction of the curve in Figure 5. 

showed albuminuria, and of about the same degree and duration, 
diminution in water and phenolsulphonephthalein excretion, and accu- 
mulation of urea, nitrogen in the blood. The results for these may be 
seen in Tables 1, 2, 3, 4 and 5. The urines of Patients 13, 16b, 17 
and 27 remained alkaline throughout the experiment, and of Patient 28 
only about forty hours after the administration was begun. 

8. Frey: Miinchen. med. Wchnschr., 1905, 52, 1326. 

9. Ehrmann: Miinchen. med. Wchnschr., 1907, 54, 2595. 
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TABLE 3. — Excretion* ok Urine nv Individuals Receiving Full 
Therapeutic Doses of Salicylate 


C.c. of Urine Excreted In Each Ten-Hour Period 



■ 

■ 

<1 

3 

4 

| r, 

0 

| 

j 7 

i 

1 

S 

j 

! 9 

i 

10 

1 

• . > • 

[ 

3,720 

1,123 

703 

426 

404 

. i.ooo 

1 

1.S5S 

1 

1 


o 


1,703 

O »v,V» 

~ |V)»« 

75 i 

814 

1.504 

1,000 

! 1,840 

j 1,433 



3 


2,001 

440 

320 

274 

343 

323 

03S 

! 043 

804 

791 

-1 

.... 

2.150 

1.004 

1,307 

1,651 

1,580 

1,580 

j 2,080 
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2. Diuresis is Markedly Lessened . — As indicated by the curve in 
Figure 2 and the data in Table 3 (from twenty-five different indi- 
viduals), the excretion of urine is markedly diminished as a result of 
the administration of salicyl. The greatest depression is reached at, or 
shortly after, “toxicity,” then the diuresis gradually increases and 
reaches practically its previous level about ninety hours after the 




THE INFLUENCE OF NONSPECIFIC SUBSTANCES ON 

INFECTIONS * 
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The therapeutic measures used in the treatment of infections may 
he divided into two general classes: first, those specific substances 
which are supposed to destroy the infecting organism or neutralize its 
toxins, and second, those which aim to strengthen the natural processes 
that normally bring about recovery. 

Of the specific substances which either destroy the infecting organ- 
ism or render toxic products innocuous, we have specific antiserums 
and certain chemotherapeutic substances. Among the most effective 
antiserums may be mentioned diphtheria antitoxin, tetanus antitoxin, 
antimeningitis serum, and a serum for the treatment of one form of 
pneumonia. Many others have been prepared, but there is still some 
doubt as to their real value as therapeutic agents. Of the chemical 
substances which have a direct destructive action on the infecting 
organisms, quinin, salvarsan and emetin are probably the most 
important. 

Bacterial vaccines, autogenous and stock, have been extensively used 
in the treatment of infections with the hope that they might cause an 
increased production of immune substances. Curative vaccine treat- 
ment rests primarily on the assumption that under certain conditions 
the production of specific antibodies can be increased by the injection 
of the bacteria causing the infection. 

Originally, it was the belief that vaccines were indicated in those 
conditions in which the infecting organisms are localized and more or 
less encapsulated and thus unable to stimulate the body to produce a 
sufficient number of immune bodies to bring about recovery. Accord- 
ing to these views it will be seen that the use of vaccines as a curative 
measure was restricted to localized infections. 

It is a debatable question whether the practical' results support the 
hypothesis on which specific vaccine therapy is based, and it will be 
difficult to explain by this hypothesis the results now being obtained in 
the treatment of acute systemic infections. In these conditions the 
infecting organisms are widely distributed through the body and should 

* Submitted for publication Feb. 17, 1917. 

* From the Departments of Pathology and Experimental Medicine, Vander- 
bilt Medical School. 

* Harvey Lecture, Feb. 17, 1917. 
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the two-hour excretion of phenolsulphoncphthalcin in the majority of 
persons after the administration of salicyl. This lasts for about twenty 
hours after administration is begun, and then gradually returns prac- 
tically to its previous level. This diminution while relatively small, 
that is, about 10 per cent., is nevertheless definite, and quite constant 
in the majority of individuals. 



Fig. 3. — Excretion of phenolsulphoncphthalcin (two hours) in urine fol- 
lowing the administration of full therapeutic doses of salicylate. B. S. means 
“before salicyl”; A. T. means “at toxicity,” that is, about eight to ten hours 
after administration; daily observations were made “during the course of the 
experiment”; the numbers in parentheses refer to number of different individuals. 
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Fig. 4. — Accumulation of urea nitrogen of the blood (mg. in 100 c.c.) fol- 
lowing the administration of full therapeutic doses of salicylate, B. S. means 
“before salicyl” ; A. T. means “at toxicity,” that is, at ■ the end of eight to 
ten hours after administration; daily observations were made “during the 
course of the experiment”; the number in parenthesis refers to number of 
different individuals. 


4. Effect on the Nitrogenous Constituents of the Blood. — Urea 
nitrogen; In the majority (seven) of persons in whom this was esti- 
mated, there was demonstrable a definite accumulation of urea nitrogen 
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Goer 0 treated successfully 9 cases of the same disease with a soluble 
albuminous product obtained from typhoid bacilli, and Krumbhaar. and 
Richardson 6 7 observed favorable results in 77 cases treated subcutane- 
ously with typhoid vaccines. These authors also found in the literature 
records of 1,800 cases of typhoid fever in which the patients were 
treated with subcutaneous injections of typhoid vaccines with favorable 
Jesuits. 

During the past two or three years the methods of using vaccines 
in the treatment of acute general infections have undergone revolu- 
tionary changes. Ichikawa, 8 9 in particular, was instrumental in bringing 
about this change. This author gave intravenous injections of sensi- 
tized typhoid bacilli to 87 patients with typhoid fever. . Immediate 
recovery, so far as fever and general toxic symptoms are concerned, 
followed the intravenous injection of one to two doses of the vaccines. 
Slight hemorrhages were observed in a few instances. Biedl 5 treated 
21 patients with typhoid fever by the intravenous injection of typhoid 
vaccines prepared by various methods. Of these 21 cases, 2 patients 
died as a result of uncontrollable hemorrhages from the nose. Of the 
19 remaining, 17 made immediate recoveries so far as temperature and 
toxic symptoms were concerned, one had a recurrence with an asso- 
ciated bronchopneumonia and died, and one patient had a slight recur- 
rence which subsided immediately after a second dose. In discussing 
the explanation of these results he states that they may be due to the 
action of protein split products, aided by the mobilization of immune 
bodies, as was suggested by Ichikawa. Gay 0 treated typhoid fever 
patients with intravenous injections of sensitized typhoid bacilli, and 
states that the course of the disease was favorably influenced in 66 per 
cent, of the cases. 

The above references show the results of the treatment of acute 
general infections by injections of specific vaccines. While the results 
may not have been entirely uniform in character, sufficient evidence is 
afforded to show that the older ideas concerning the principles on which 
vaccine therapy were based do not afford a satisfactory explanation. 

NONSPECIFIC 

Matthes, 10 early in the development of tuberculin therapy, demon- 
strated that to all intents and purposes the reaction considered specific 
for tuberculin could he produced when deutero-albumose was used, and 
he showed that whatever difference did occur could be explained by 

6. Goer, F. : Miinchen. med. Wchnschr., 1915, 42, 1312. 

7. Krumbhaar, E., and Richardson, R. : Am. Jour. Med. Sc., 1915, 149 , 406. 

8. Ichikawa, S. : Ztschr. f. Immunitatsforsch., 1915, 23, 32. 

9. Gay, F. P. : The Archives Int. Med., 1916, 17 , 301. 

10. Matthes, M. : Deutsch, Arch. f. klin. Med., 1894-1895, 54, 39. 
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Nonprotein nitrogen : The results from nine different individuals 
are presented in Figure 5 and Table 6. These show a diminution in 
the nonprotein nitrogen content of the blood at “toxicity.” This persists 
for a day or so, then gradually tends to return to its previous level at 
the end of the experiment, that is, about eighty to ninety hours after 
‘administration. The different individuals showed some variations in 
these changes. 

As to the possible explanation of this diminution in the total non- 
protein nitrogen content of the blood, it is suggested that the uric acid 
fraction, being affected by the salicyl, is perhaps chiefly responsible. 
In our series no attempt was made to estimate the uric acid content of 
the blood, but this has been conclusively shown by Denis 0 to be dimin- 
ished in the blood after the administration of salicyl in large doses, and 
at the same time the excretion in the urine is increased. In addition, 
there are many observations by others showing definitely that salicyl 


Aon-protdn -A 



Fig. 5. — Total nonprotein nitrogen of the blood (mg. in 100 c.c.) after the 
administration of full therapeutic doses of salicylate. B. S. means “before 
salicyl” ; A. T. means “at toxicitj'” ; observations were also made twelve hours 
after “toxicity” and at the end of the experiment,, that is, about eighty to 
ninety hours after administration ; the number in parenthesis refers to number 
of different individuals. 

increases the excretion of uric acid in the urine. The extent or degree 
of diminution in the total nonprotein nitrogen of the blood would to a 
certain extent depend on the content of the uric acid fraction before 
the administration of the drug, and in part on the functional state of 
the kidney. Because of this peculiar effect of the salicyl on the uric 
acid fraction, it appears that a study, of the total nonprotein nitrogen 
content of the blood cannot serve as a reliable index of renal functional 
efficiency in individuals receiving large doses of the drug. 

5. Effect of Bicarbonate on the Albuminuria and Renal Functional 
Changes . — It has been claimed (notably by Glaesgen 6 7 for human beings, 

6. Denis: Jour. Pharm. and Exper. Therap., 1915, 7, 255. 

7. Glaesgen: Miinchen. med. Wchnschr., 1911, 58, 1125. 
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which sometimes last for a long period. This led him to experiment 
first with tuberculin alone, and later with a combined tuberculin- 
antiluetic treatment. He believed that he got better results with the 
combined treatment than with the antiluetic treatment alone. Pilcz 15 
observed similar good results with tuberculin, while Donath , 10 noting 
the same influence of intercurrent infections in paretics, suggests the 
formation of abscesses in these patients by injecting turpentine into the 
subcutaneous tissues. 

It is not intended here to recommend the use of tuberculin' in the 
treatment of paretics, because it hardly seems warranted, but to indi- 
cate the same general phenomenon of a therapeutic effect from a non- 
specific method. 

It is in the domain of coagulation disturbances that therapy of this 
nature has received particular attention in the past. The beneficial 
effects of subcutaneous serum injections in hemophilia is well recog- 
nized, although here too the exact mechanism is unknown. Originally, 
the slight leukocytosis was regarded as the potent factor, but for this 
there is no proof. Results have been obtained with homologous and 
heterologous serums, and with whole blood ; but decisive results depend 
considerably on the dosage, and marked fluctuations in the coagulation 
time frequently occur following these injections. That such injections 
do not alter the disease process through supplying directly some defi- 
ciency, but rather through stimulating the elaboration of some substance 
before lacking, seems to be the conclusion reached by recent workers. 
This would agree with the stimulating effects observed by Esch, Busse 
and Weber following the injection of serum and whole blood subcu- 
taneously in tuberculosis and in pernicious anemia. 

The dermatologists have had similar results within the past three 
years in a variety of diseases, including some cases of psoriasis which 
have proved refractory to other methods of treatment. Recently 
Engman and McGarry 17 report favorable results in the treatment of 
lupus erythematosus with intravenous injections of typhoid bacilli. 

The therapy of typhoid fever has so far been the chief avenue of 
approach to the problem. A number of vaccines have been elaborated 
and used subcutaneously during recent years for therapeutic purposes, 
and the results have been, in general, very encouraging. It was not, 
however, until such vaccines were used intravenously that the striking 
pictures of complete abortion of the disease were obtained. 

Ichikawa , 8 who was among the first to use the intravenous method 
of administering vaccines in typhoid fever, observed that the results in 

15. Pilcz, A.: Wien. med. Wchnschr., 1907, 57 , 1462. 

16. Donath, J. : Wien. med. Wchnschr., 1916, 67 , 1741. 

17. Engman, M., and McGarry, R. : Jour. Am. Med. Assn., 1916, 67 , 1741. 
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Accordingly, bicarbonate has practically no demonstrable influence 
on the albuminuria and the changes in renal functional efficiency pro- 
duced by the administration of salicyl in full therapeutic doses. 

CONCLUSIONS 

1. The administration of salicylate in full therapeutic doses invari- 
ably causes the appearance of albumin, white blood corpuscles and 
granular casts or cast-like bodies in the urines of normal, rheumatic, 
nonrheumatic, febrile and afebrile persons. 

2. The albuminuria is not of febrile origin, but due directly to the 
drug. 

3. A pre-existing albuminuria is aggravated by the administration 
of salicylate. 

4. So far as renal functional efficiency is concerned, there is a 
diminution. This is indicated by, (1) lessened water excretion [taken 
in connection with (2) and (3)J; (2) diminished phenolsulphone- 
phthalein excretion, and (3) accumulation of urea nitrogen of the 
blood. 

5. The administration of bicarbonate together with salicylate has 
practically no demonstrable influence on the albuminuria and renal 
functional changes produced by the salicyl. 



1048 


THE ARCHIVES OF INTERNAL MEDICINE 


on further treatment. Nineteen chronic patients were treated, ten of 
which showed definite improvement. 

Culver 25 reports a series of gpnorrheal complications, especially 
arthritis, epididymitis and acute prostatitis, in which the patients were 
treated with a variety of vaccines composed of gonococci, meningococci, 
colon bacilli, and with secondary proteoses. Twenty-eight of the thirty- 
one arthritic patients were either completely cured or manifested a 
decided improvement. The twelve patients with acute epididymitis 
presented complete freedom from pain after the first injection. 

Ziembowski 20 has recently reported on the results obtained in the 
treatment of 100 patients with intramuscular injections of 5 c.c. of 
boiled milk. He states that excellent results were obtained by this 
means in the treatement of septic war wounds, in erysipelas, in tuber- 
culous 'bone and joint diseases, and in three cases of actinomycosis. 

Matthers, in a personal communication, states that he has used 
various types of vaccines and pure proteins in the treatment of typhoid 
fever, lobar pneumonia, scarlet fever and acute arthritis. He infers 
from his experiments that the therapeutic results obtained in erysipelas 
and lobar pneumonia do not justify the use of this plan of "treatment. 
In the other diseases mentioned his results correspond favorably with 
those reported by other investigators. 

Manier, Petersen and I have treated thirteen cases of arthritis, of 
which three were acute, three subacute and seven chronic. Of the 
acute cases, two were definite cases of acute rheumatic fever. One of 
these patients, a child of 12 years, with multiple swollen, tender joints, 
fever, etc.) cleared up entirely within twenty-four hours after a single 
infection of secondary proteoses, while the other, an adult female with 
multiple joint involvement, elevation of temperature, etc., was entirely 
relieved after eight injections, except for some residual pain in one 
shoulder. The third acute case, with a gonorrheal joint, received four 
injections, with only temporary subjective relief and with but slight 
objective change in the joint. In the three subacute cases the patients 
received an average of five injections, with complete relief of all symp- 
toms and a return of the involved joints to normal" in every respect. 

In the seven cases of chronic arthritis there were varying degrees 
of disability, from slight stiffness in the milder cases up to complete 
ankylosis of the majority of the joints of the body in the most severe 
cases. The injections given the patients varied in number from two to 
eighteen. The results were, complete relief in three, marked improve- 
ment in three and no noticeable change in one. 

25. Culver, H. B. : Unpublished address before Chicago Institute of Medi- 
cine, Nov. 7, 1916. 

26. Ziembowski, S. V.: Med. Klin., 1916, 12 , 1174. 
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furnish the stimulus needed to call forth an abundant supply of anti- 
bodies. 

When we compare the number of infectious conditions which a 
physician is called on to treat with the number of specific therapeutic 
substances at his command, it will be seen that in the great majority 
of instances he is compelled to rely on the use of agents which merely 
serve to strengthen and to sustain his patient. Recovery in these cases 
depends almost entirely on the gradually, increasing concentration or 
activation of the normal protective agencies of the body, and the final 
results depends on the patient’s ability to resist the infection until this 
stage is reached. 

The work done in most of the experiments made to find curative 
agents for the various infections has evidently been based on the 
assumption that a substance must be found which will act directly on 
the infecting organism, or that will cause a mobilization of those specific 
immune bodies which we are accustomed to look on as the means nature 
uses to bring about recovery. And yet one finds a considerable accumu- 
lation of evidence, both from the laboratory and from the clinic, which 
definitely indicates that certain nonspecific and as yet ill-defined factors 
have a large share in bringing about recovery from disease. While the 
emphasis placed on certain phases of immunology and specificity, more 
especially the fruitful antigen-antibody conception of Ehrlich, has been 
of inestimable value, I am inclined to believe that it has resulted in the 
neglect of certain perfectly, obvious lines of approach to medical 
' problems. 

SPECIFIC VACCINES 

That specific vaccines are effective in the treatment of acute general 
infections is shown by numerous reports. In 1893, Frankel 1 treated 57 
typhoid fever patients by subcutaneous and intramuscular injections of 
typhoid bouillon cultures sterilized at 62 C.. with excellent results. 
Petruschky, 2 in 1902, and von Peskarola and Quadrone, 3 in 1908, 
obtained similar results. During the Balkan war of 1913, Petrovitch, 4 5 
inoculated subcutaneously 460 typhoid fever patients with typhoid vac- 
cines, with a mortality of 2.9 per cent. Of 220 patients not treated in 
this manner, 12.8. per cent. died. Biedl 3 states that Wiel treated 14 
children suffering from typhoid fever, without a single death, and that 
von Variot treated 69 patients by this method with excellent results. It 
must not be forgotten, however, that the mortality among children 
affected with typhoid fever is usually low. 

1. Frankel, E. : Deutsch. med. Wchnschr., 1893, 19, 985. 

2. Petruschky, J. : Deutsch. med. Wchnschr., 1902, 28, 212. 

3. Von Peskarola, B., and Quadrone, C. : Ztschr. f. inn. Med., 190S, 29, 989. 

4. Petrovitch: Quoted by Biedl; see footnote 5. 

5. Biedl, A.: Prag. med. Wchnschr., 1915, 40, 53. 
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on further treatment. Nineteen chronic patients were treated, ten of 
which showed definite improvement. 

Culver 25 reports a series of gpnorrheal complications, especially 
arthritis, epididymitis and acute prostatitis, in which the patients were 
treated with a variety of vaccines composed of gonococci, meningococci, 
colon bacilli, and with secondary proteoses. Twenty-eight of the thirty- 
one arthritic patients were either completely cured or manifested a 
decided improvement. The twelve patients with acute epididymitis 
presented complete freedom from pain after the first injection. 

Ziembowski 20 has recently reported on the results obtained in the 
treatment of 100 patients with intramuscular injections of 5 c.c. of 
boiled milk. He states that excellent results were obtained by this 
means in the treatement of septic war wounds, in erysipelas, in tuber- 
culous 'bone and joint diseases, and in three cases of actinomycosis. 

Matthers, in a personal communication, states that he has used 
various types of vaccines and pure proteins in the treatment of typhoid 
fever, lobar pneumonia, scarlet fever and acute arthritis. He infers 
from his experiments that the therapeutic results obtained in erysipelas 
and lobar pneumonia do not justify the use of this plan of ’treatment. 
In the other diseases mentioned his results correspond favorably with 
those reported by other investigators. 

Manier, Petersen and I have treated thirteen cases of arthritis, of 
which three were acute, three subacute and seven chronic. Of the 
acute cases, two were definite cases of acute rheumatic fever. One of 
these patients, a child of 12 years, with multiple swollen, tender joints, 
fever, etc., cleared up entirely within twenty-four hours after a single 
infection of secondary proteoses, while the other, an adult female with 
multiple joint involvement, elevation of temperature, etc., was entirely 
relieved after eight injections, except for some residual pain in one 
shoulder. The third acute case, with a gonorrheal joint, received four 
injections, with only temporary subjective relief and with but slight 
objective change in the joint. In the three subacute cases the patients 
received an average of five injections, with complete relief of all symp- 
toms and a return of the involved joints to norma! in every respect. 

In the seven cases of chronic arthritis there were varying degrees 
of disability, from slight stiffness in the milder cases up to complete 
ankylosis of the majority of the joints of the body in the most severe 
cases. The injections given the patients varied in number from two to 
eighteen. The results were, complete relief in three, marked improve- 
ment in three and no noticeable change in one. 

25. Culver, H. B.: Unpublished address before Chicago Institute of Medi- 
cine, Nov. 7, 1916. 

26. Ziembowski, S. V.: Med. Klin., 1916, 12 , 1174. 
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the fact that the tuberculin fraction contained certain toxic peptones in 
addition. Matthes, later, went even further, expressing the idea that 
fever in general was produced by protein split products, and he sug- 
gested the importance of proteolytic ferments in this connection, thus 
foreshadowing the work of Vaughan in this country and the later 
German workers in anaphylaxis. 

Frankel, 1 in 1893, was probably the first to demonstrate the value of 
typlioid vaccines in the treatment of typhoid fever, and his report was 
followed almost immediately by that of Rumpf, 11 who obtained similar 
favorable results with a vaccine composed of the bacillus pyocyaneous. 
The medical profession, however, could see no merit in a nonspecific 
method of treating infections, therefore the entire subject was dropped 
for a considerable period. In this country, too, the controversy occa- 
sioned by the Schafer vaccines is pertinent. Here was a biologic prod- 
uct, which, according to the observations of many competent observers, 
did at times produce striking results in a variety of infectious diseases ; 
whether or not it was a safe remedial measure, or whether, it had 
defects, is not pertinent in this connection. The very fact that it did 
certain things at times should have led to a study, of why such favorable 
changes were brought about. The fact that it was palpably nonspecific, 
however, was sufficient to warrant the stamp- of disapproval by the 
medical profession. 

Within the last three years, however, this view has been gradually 
changing, and it is significant to note that Wright, 12 than whom, of 
course, no one man has stood out more emphatically for specific 
therapy, recently made the following statement in this connection : 

All of those who have had much experience with vaccines will have seen 
cases where therapeutic effects, lying quite outside the range of the particular 
vaccine employed, and therefore, as we thought, not quite creditable to science, 
have been obtained with vaccine therapy. 

Schmidt 13 is among those who have observed that following vaccine 
therapy of any kind . the body becomes resistant to a variety of com- 
moner infections. He also called attention to the relatively low “infec- 
tion index,” as he termed it, which is present in carcinoma and preg- 
nancy, and refers to Rokytansky’s ideas on the antagonism between 
carcinoma and tuberculosis. 

Von Wagner 14 utilized a similar nonspecific method when he 
obtained favorable results in patients with progressive paralysis treated 
with tuberculin. He had observed, as had others, that intercurrent 
infections frequently cause a remission of symptoms in this disease 

11. Rumpf. T. : Deutsch. med. Wchnschr., 1893, 19, 987. 

12. Wright, A.: Brit. Med. Jour.. 1915, 1, 625. 

13. Schmidt, R. : Med. Klin.. 1910. 6, 1690. 

14. Von Wagner, J. : Wien. med. Wchnschr.. 1909. 59, 2124.- 
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Apart from the action of the vaccines, the protein split products, 
and the effect of both homologous and heterologous serums, observa- 
tions are recorded by Smithlen, 27 Muller and Weiss, 28 and Saxl, Bruck 
and Kiraiihyda 29 on the effect of intramuscular injections of milk, by 
Mitlander 30 on salt solution, and by numerous observers on the effects 
of dextrose solution, colloidal metals, distilled water, etc. It seems 
probable that the reaction and beneficial effects observed from these 
substances is based on a similar mechanism in all cases. 

REACTION 

Immediately following an injection by this method of treatment 
there is usually a reaction which is sometimes severe. As, a rule, there 
is a chill from one-half to one hour following the injection, and this 
may last fifteen to forty-five minutes. With the chill there is an 
increase in temperature of from 1 to 4 F., followed several hours later 
by a progressive fall. Associated with the drop in temperature there 
is general relaxation, profuse perspiration and a rapid subjective and 
objective improvement. The pulse may or may not be increased in fre- 
quency. The blood pressure in our own cases was not altered. Some 
authors report that many of their patients had headache, nausea, etc., 
and again others state that the symptoms following the injections are 
not sufficient to cause serious discomfort. These differences may 
depend on the dosage used. 

Following the injection the leukocytes are decreased in number, at 
times as low as 2,000 per cubic millimeter. This leukopenia is followed 
by a gradually developing leukocytosis which usually reaches its maxi- 
mum in from five to seven hours. The leukocyte count has usually 
returned to normal within twenty-four to thirty hours. 

Immediately following the injection in acute infections, such as 
typhoid fever, there may be a permanent return to normal temperature 
— termination by crisis; the temperature and general conditions may 
improve more slowly — termination by lysis ; or, all the symptoms may 
return and the disease progress as usual, uninfluenced in any manner, 
though usually it pursues a milder course. The temperature frequently 
drops to subnormal and remains so for several days in those cases 
Avhich terminate by crisis. 

COMPLICATIONS AND CONTRAINDICATIONS 

The only serious results that have followed the use of this form of 
treatment occurred in typhoid fever patients, but as a large majority 

27. Smithlen, F.: Wien. klin. Wchnschr., 1916, 29, 53. 

28. Muller, R., and Weiss, A.: Wien. klin. Wchnschr., 1916, 29, 249. 

29. Saxl, Bruck and Kiraiihyda: Miinchen. med. Wchnschr., 1916, 63, 511. 

30. Mitlander : Budapest Letter, Jour. Am. Med. Assn., 1916, 66, 1321. 
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patients suffering from paratyphoid fever who had been treated with 
typhoid vaccines were similar in every way to those noted in typhoid 
fever. Kraus is obtained similar results in the treatment of typhoid 
fever with the intravenous injections of vaccines composed of colon 
bacilli. He also treated eight patients with puerperal sepsis with excel- 
lent results. Kraus was so impressed with this form of treatment that 
he suggests its use with scarlet fever, plague, septicemia, etc. In addi- 
tion to vaccines prepared with cholera bacilli, typhoid bacilli and para- 
typhoid bacilli, Liidke 19 also used deutero-albumose. He treated twenty- 
three typhoid fever patients, and of these, nineteen cases were favorably 
influenced. There was one death in this series. Reibmayr 20 obtained 
similar results with colon and cholera vaccines. 

Hiss and Zinsser 21 were among the first to make use of nonspecific 
substances in the treatment of acute infections. They used extracts of 
rabbits’ leukocytes in the treatment of epidemic cerebrospinal menin- 
gitis, in pneumonia, and in staphylococcus infections, and believe that 
the course of these diseases was favorably influenced. Floya and 
Lucas 22 used the leukocytic extracts in the treatment of forty-one cases 
of pneumonia, and report that the mortality in their series was about 
half that obtained in the same institution with other forms of treatment. 

Miller and Lusk 23 during the summer of 1916 treated a series of 
patients with typhoid fever with intravenous injections of typhoid 
bacilli and with secondary proteoses. In this series, 20 per cent, ter- 
minated by crisis, and 20 per cent, by rapid lysis. They also treated a 
series of chronic, subacute and acute cases of arthritis with these prep- 
arations with excellent results, as relief was afforded in the majority of 
cases. The authors do not state the number of patients treated by each 
method, but conclude that both gave the same results. The same 
authors 24 recently reported a second series consisting of eighty-five 
patients with arthritis treated with typhoid vaccines. Forty-five of 
these cases were acute, four being gonorrheal. In twenty-nine of the 
acute cases the patients recovered promptly after one to four injections, 
eight showed marked improvement, six moderate improvement, and 
two were unimproved. Nine of these patients had recurrences. There 
were twelve subacute cases, ten of which cleared up completely within 
three to five days, and two patients were greatly improved. There v ere 
two recurrences in this group, but the patients made complete reco\ erics 


18. Kraus, R.: Wien. klin. Wchnschr., 1915, 38, 29. 

19. Liidke, H.: Miinchen. med. Wchnschr., 1915, 62, 321. 

20. Reibmayr, H.: Miinchen. med. Wchnschr., 1915, 62, 610. 

21. Hiss and Zinsser, H.: Jour. Med. Research. 190S 19, 321 

22. Floyd, C, and Lucas, W.: Jour. Med. Research 1909 21, j L3. 

23. Miller, J., and Lusk, F.: Jour. Am. Med. Assn., 1916 66, l/o6 

24. Lusk, F„ and Miller, J.: Jour. Am. Med. Assn.. 1916, 6/, -010. 
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explain the action of these nonspecific substances. It might be well, 
however, to take up . in greater detail some of the explanations which 
have been advanced. 


SELECTIVE STIMULATION 

It is now the general belief that the hematopoietic organs are the 
chief source of antibodies, and not the tissue cells in general. As a 
corollary of this idea concerning the source of antibodies, it would be 
reasonable to suppose that any disturbance of the hematopoietic system 
might alter the antibody formation. 

In view of these facts, it is possible that the various agents may 
act as stimulants of the hematopoietic tissue, thus suddenly flooding 
the body with immune substances, thereby overcoming the infection. 
According to Wright, vaccine injections were supposed to be followed 
by a negative phase, at least so far as the opsonic power was concerned. 
Contrary to this generally accepted view, Bull 32 has recently shown 
that this does not hold true following the intravenous injection of a 
typhoid vaccine in immunized rabbits. Bull noticed that the antibodies 
were not diminished; on the contrary, they were rapidly increased 
following the injection. If this is the mechanism involved, it is impor- 
tant to bear in mind that the stimulus itself is not a specific factor, but 
that the hematopoietic system has been attuned to respond to a non- 
specific stimulus with the production of a specific substance. 

Various investigators have stated that the results obtained with 
these nonspecific substances are due to the mobilization of antibodies. 
Thus Muller and Weiss 28 thought this was the explanation of the 
results which they obtained in treating the complications of gonorrhea 
with gonorrheal vaccines, but serologic tests failed to confirm this view. 
Ichikawa 8 attributed his results to the mobilization of antibodies. 
Kraus 18 believed at first that the phenomenon was very similar to 
anaphylactic shock, but concludes that the lack of specificity contradicts 
this view. For the same reason he believes that the results obtained 
are not due to a mobilization of immune bodies. Liidke 10 found that 
the agglutination value of the serum of typhoid patients treated with 
proteoses was not changed. Reibmayr , 20 also, found no changes in the 
agglutinins following the injections of typhoid vaccines. 

In this respect the observations of Moreschi 33 are interesting. 
Moreschi noted the persistent absence of agglutinins in leukemic 
patients who suffered from superimposed typhoid and paratyphoid 
infections. The patient with typhoid fever recovered, while the one 
with the paratyphoid infection died. Immune bodies could not be 
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Four patients with gonorrheal epididymitis with acute swelling and 
tenderness of the epididymis, urethral discharge, etc., were treated. 
In every case of this series there was immediate improvement following 
the first injection, the epididymis becoming smaller and distinctly less 
tender. In each patient there was complete relief, as evidenced by the 
return of the epididymis to its normal size and consistency, together 
with the disappearance of the urethral discharge and of pus from the 
urine. 

Two patients with erysipelas were treated. One was first seen on 
the second day of the disease, at which time the condition involved 
almost the entire face, and, in addition, the mucous membrane of the 
mouth and of the pharynx. The patient was markedly toxic, with a 
temperature ranging from 100 to 103 F., and a pulse rate of 140. He 
was given two doses of a secondary proteose solution *on successive 
days, following which his temperature and pulse rate promptly settled 
to normal, and his local condition, both on the face and in the mouth, 
cleared up promptly. The second patient was also seen on the second 
day of the disease, and while he was not so seriously ill, the symptoms 
did not clear up until after four injections. 

The amount of secondary proteoses given by us depends on the 
apparent toxicity of the patient. We usually begin with 0.25 c.c. of a 
1 per centTsolution and increase the dose according to the reaction 
obtained. When it is remembered that Liidke, 10 Miller and Lusk, 23 and 
Culver 25 gave as high as 2 c.c. of a 4 per cent, solution, it will be seen 
that the amounts given by us are small. Subsequent experience, how- 
ever, may demonstrate that the larger doses are advisable despite the 
more severe reactions, and particularly in arthritic cases, where the 
reactions appear to be associated with little or no danger. Our purpose 
has been to obtain some increase in temperature with a slight chill, 
and this 'reaction we can usually obtain at the first injection with 
0.25 c.c. of a 1 per cent, solution. Injections were given in most 
instances every day. As individuals vary in their reactions, we believe 
it better to begin with the smaller dose and thus establish the tolerance 
of each patient before pushing the treatment. In no instance were 
there any alarming symptoms. 

It is almost impossible to determine beforehand the degree of reac- 
.tion which will follow these intravenous injections. Some authors 
believe that it depends on the severity of the disease, while others con- 
sider the concentration of immune bodies in the circulating blood more 
important. From a general survey of the work done, however, it 
appears that there is some other factor, as yet unknown, which plays 
an important part in determining the severity of the reaction. 



1054 


THE ARCHIVES OF INTERNAL MEDICINE 


also states that one rarely sees a gonorrheal infection coexisting with 
fever producing diseases like pneumonia, typhoid fever and malaria. 
It is well known that gonococci are particularly susceptible to high 
temperatures, and therefore this factor may be of importance in 
gonococcal infections, but it is doubtful if similar importance can be 
ascribed to high temperatures in infections due to such organisms as 
streptococci, typhoid bacilli, etc. 

Inasmuch as a very sharp febrile reaction almost invariably follows 
the intravenous injection of specific and nonspecific substances, the 
importance of this phase of the, subject cannot be overlooked. In one 
of our cases we observed a reaction temperature of 107 F. within 
thirty minutes after an intravenous proteose injection. This high tem- 
perature was unaccompanied by a change in the pulse rate of any 
moment, or other untoward symptoms. 

LEUKOCYTOSIS 

The importance of the leukocytic reaction has been emphasized by 
various authors. Gay 30 and his associates believe that recovery in 
typhoid fever following the intravenous injection of a modified 
typhoid vaccine is due to a specific leukocytosis. More recently, how- 
ever, McWilliams 37 has observed that this hyperleukocytosis is appar- 
ently not specific to the degree indicated by the work of Gay and 
Claypole, and that even normal rabbits respond with a marked leuko- 
cytosis to the intravenous injection of typhoid vaccine. This coincides 
with our experience. We must keep in mind, too, the fact that in 
typhoid fever, particularly, the normal course of recovery is not 
marked by a leukocytosis; on this ground alone we might be justified 
in seeking the influence of some other factor or factors in the recovery 
which follows intravenous therapy.- 

On the other hand, Ludke 10 states that there was no leukocytosis 
in his series of typhoid fever patients who were treated with albu- 
moses, and Reibmayr 20 makes a similar statement for his series of 
patients treated with typhoid vaccines. Most of those who believe that 
the leukocytosis is an important factor in recovery think chiefly of 
phagocytosis; other possibilities, however, must be considered. 

Hiss and Zinsser 21 say that immunity is probably in a large degree 
cellular in character, not only in the sense of phagocytosis, but also 
in the neutralization of toxins. They conducted a series of experi- 
ments with this idea in mind, using the leukocytes of rabbits, and 
came to the conclusion that “leukocytic extracts have a distinct modify- 
ing and curative action -on infections.” They believe that the results 
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tender. In each patient there was complete relief, as evidenced by the 
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was given two doses of a secondary proteose solution *on successive 
days, following which his temperature and pulse rate promptly settled 
to normal, and his local condition, both on the face and in the mouth, 
cleared up promptly. The second patient was also seen on the second 
day of the disease, and while he was not so seriously ill, the symptoms 
did not clear up until after four injections. 

The amount of secondary proteoses given by us depends on the 
apparent toxicity of the patient We usually begin with 0.25 c.c. of a 
1 per cent, solution and increase the dose according to the reaction 
obtained. When it is remembered that Liidke, 10 Miller and Lusk, 23 and 
Culver 25 gave as high as 2 c.c. of a 4 per cent, solution, it will be seen 
that the amounts given by us are small. Subsequent experience, how- 
ever, may demonstrate that the larger doses are advisable despite the 
more severe reactions, and particularly in arthritic cases, where the 
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of each patient before pushing the treatment. In no instance were 
there any alarming symptoms. 

It is almost impossible to determine beforehand the degree of reac- 
tion which will follow these intravenous injections. Some authors 
believe that it depends on the severity of the disease, while others con- 
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Eggstein and I 4G have discussed this possibility in detail in its relation 
to pneumonia. 

As a result of this action of the proteolytic ferments the diseased 
organism would rid itself for the time being of the toxic substances in 
the circulating blood, although the disease process itself, and the 
infecting organisms, would possibly' continue in existence, causing 
further injury. This would seem to be the explanation of the clinical 
picture obtained after intravenous therapy in those instances in which 
only an incomplete or transitory effect results. In the majority of these 
cases the patient presents a considerable improvement, both subjec- 
tively and objectively, on the day or days following the injection, 
despite the fact that the temperature may recur or even continue unin- 
terruptedly. This hypothesis will not, however, explain the continued 
wellbeing of the patients treated in the early stages of diseases such as 
typhoid fever. It is difficult to understand this unless it is due to cellu- 
lar resistance acquired as a result of the injections. 

The influence of the mobilized eSter-splitting ferments is as yet 
obscure. In the ultimate analysis, of course, we must turn to ferments 
of this nature in order to dispose of the invading organism, because 
it is more than probable that the actual surface of the bacterium con- 
sists largely of lipoids, or intimate lipoprotein combinations, for the 
destruction of which esterase-splitting ferments are probably essential. 

Citron and Reicher , 47 Peritz , 48 and others, state that the serum 
esterase is increased in patients who suffer from infections due to 
lipoid rich organisms such as tubercle bacilli and lepra bacilli. They 
believe that a high esterase titer in these diseases indicates increased 
resistance on the part of the host. 

ANTIFERMENTS ’ . 

When discussing the increased resistance to infections said to be 
present in some conditions, among them carcinoma, pregnancy, and as 
a result of vaccine therapy, I called attention to the fact that during 
such states a relatively high antiferment index is a well recognized 
accompaniment. The question arises whether this is a mere coinci- 
dence, or whether there is some causal connection between the anti- 
ferment increase and the increased resistance to infection. 

Petersen and I 4 ^ have previously shown that the antiferment power 
of the serum depends on the amount of unsaturated lipoids present in 
a highly dispersed state in the serum. Consequently, any factor which 

46. Jobling, J. W., Petersen, W., and Eggstein, A.: Jour. Exper. Med., 1915, 
22, 568. 

47. Citron, J., and Reicher, K. : Berl. klin. Wchnschr., 1908, 45, 1398. 

48. Peritz, G. : Deutsch. med. Wchnschr., 1910, 36, 483. 

49. Jobling, J. W., and Petersen, W.: Jour. Exper. Med., 1914, 19, 459. 
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of the cases of acute general infections treated were in patients with 
typhoid fever, it is important to learn more concerning the danger 
attached to treating this class of patients with nonspecific substances. 

Hemorrhage is the most serious complication reported in typhoid 
fever. Ichikawa 8 who used sensitized typhoid vaccines in eighty-seven 
cases, observed hemorrhages in a few patients one to three days after 
inoculation, but the frequency with which these were observed was 
less than that noted among the uninoculated. R. Schmidt 13 advises 
against its use in patients who have already had hemorrhages, or who 
- give histories of having been bleeders. According to this author, 
bronchial and pulmonary complications also contraindicate its use. 
Biedl 5 treated eighty-four typhoid fever patients with typhoid vaccines, 
and two of these died from uncontrollable hemorrhages from the nose. 
He also believes that previous hemorrhages contraindicate this form 
of treatment. 

Typhoid fever appears to be the only disease in which hemorrhages 
have been observed following this method of treatment. Kraus 18 does 
not mention it as occurring in his cases of general sepsis; it was 
apparently not observed in any of the paratyphoid cases, and Miller 
and Lusk 23 do not mention its occurrence in their series of more than 
one hundred arthritic cases. 

According to R. Schmidt, 31 protein substances injected intra- 
venously or subcutaneously tend to decrease the coagulation time, and 
it is well known, that certain of the lower protein cleavage products 
also inhibit coagulation. On the other hand, the subcutaneous and 
intravenous injection of homologous and heterologous serums has been 
a favorite procedure for some time in the treatment of hemophilia. 

Ichikawa, 8 Miller and Lusk, 23 and others, advise against this method 
of treatment in patients with organic heart disease, and Ichikawa 
warns against its use in pregnancy. In the opinion of Lusk and Miller 
its use is also contraindicated in hypertension. 

The severity of the reaction is an important factor in determining 
whether this form of treatment should be used in any particular 
instance. When we consider that the strength of the vaccines of 
specific and nonspecific nature which have been used in the treatment 
of typhoid fever varied from 100,000,000 to 4,000,000,000 bacteria to 
the cubic centimeter, it will be seen that the danger to the patient is 
not so great as the severe reactions would indicate. 

And now, how are we to explain the action of these nonspecific 
substances? Can it be explained according to our present ideas oi 
nature’s method of bringing about recovery from infection? I believe 
it is doubtful if our present theories on immunity will enable us to 
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already present, and thus duplicate the conditions produced when 
additional antigen is introduced. 

Similar changes may occur in the serum of patients with acute 
general infections when they are treated with nonspecific substances. 
Under these conditions it is not difficult to understand how areas of 
lowered antiferment content would be obtained in which proteolysis 
would occur. In such instances we may have a temporary increase in 
intoxication owing to the hydrolysis of the native bacterial proteins to 
toxic substances, and then a detoxication due to their further hydrol- 
ysis. This may be the explanation of the chill which is followed by 
a drop in temperature, that occurs after intravenous injections of 
various substances. These changes in viscosity may also help' to 
explain the fall in anti ferment strength which follows the injections. 

As stated before, however, these serum changes are more or less 
temporary in character, and will therefore not explain the 4 permanent 
recovery of patients treated in the early stages of such diseases as 
typhoid fever. 

CONCLUSIONS 

According to our present views the symptoms of an infection are 
the result of the struggle between the infecting bacteria and their 
toxins, and the protective agencies of the host. Theoretically, then, 
the results observed might be due either to the destmction of the 
infectious agent with its products, or to the fact that the cells of the 
host become resistant to the action of these agents. In either case, 
from our point of view, the disease ceases to exist. Theobald Smith, 05 
in 1910, said: “The effectiveness of vaccines applied in the course 
of acute febrile diseases, such as typhoid and pneumonia, must be 
accounted for by principles of which experimental medicine has as yet 
no definite knowledge,” and this view apparently holds true at present. 

That the intravenous injection of nonspecific substances exerts a 
marked influence on those infections in which it has been tried is very 
evident. It is not believed, of course, that these newer methods will 
cure all cases of infections. They do, however, open up new possi- 
bilities and suggest new methods for attacking infections of unknown 
etiology, as also those caused by organisms for which we have no 
specific antiserums. That all cases are not benefited does not neces- 
sarily reflect on the value of the treatment. There are very few thera- 
peutic measures which do not have the same objection. 
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demonstrated in either case. The recover}' of the typhoid patient 
indicates that agglutinins may not be essential. 

Experiments which we conducted last spring caused us to believe 
that the results obtained in the use of nonspecific substances in the 
treatment of infections, were due to the mobilization of immune bodies. 
Dunklin, who was working with us, found a marked increase in anti- 
bodies following the intravenous injection of proteoses in immunized 
animals. A similar increase in agglutinins was found in two cases of 
typhoid fever in which the patients had been treated with the same 
preparation of proteoses. We have npt had the opportunity to make 
further tests in typhoid fever patients, but repeated experiments made 
during the past few months have failed to show an increase of anti- 
bodies in immunized animals following similar intravenous injections. 
The arthritic cases do not afford opportunities for this character of 
investigations, therefore we have been limited in our work to animal 
experiments. The observations of others, however, appear to show 
that the mobilization of antibodies must play a minor role in recovery 
from infection following the use of nonspecific substances. 


HYPERPYREXIA 

It is a common clinical experience that in some diseases, among 
them subacute joint diseases, neuralgia, diabetes, pernicious anemia, 
certain dermatoses, sarcoma, etc., distinct beneficial results follow at 
times on some intercurrent febrile condition. May it not be, then, that 
these nonspecific substances influence the course of the disease by 
producing a high temperature? 

Roily and Meltzer, 34 Liidke, 35 and other investigators, have reached 
the conclusion that high temperature (from 40 to 42 C.), artificially 
. produced, has a favorable influence on an established infection. 
Heated animals were distinctly more resistant to daily injections of 
small quantities of bacteria, but no difference was noted when single 
large doses were given. They also found that agglutinins and bac- 
teriolytic substances are produced more abundantly in animals which 
are kept overheated. 

In his discussion of the influence of high temperatures on infection, 
Ludke 35 suggests, first, the possibility of the infecting organism being 
killed by the heat, and second, that a more rapid and firmer combina- 
tion of the antigen and immune bodies is caused at high temperatures. 

Culver 25 describes an instance in which a patient suffering from 
both acute gonorrheal urethritis and malaria, made a complete recovery 
from the urethritis following chills and fever lasting four days. He 


34. Fr. Roily and Meltzer: Deutsch Arch. f. klin. Med 190.S, 94, 33c. 
35 T.iidke FT.: Ersebn. d. inn. Med. u. Ivinderh.. 1909, 4, 49 j. 



1060 


THE ARCHIVES OF INTERNAL MEDICINE 


it continued for an hour or more. In certain instances the change in 
pulse form and size was recorded by a Jaquet sphygmograph, as well as 
by a small volume recorder attached to a finger plethysmograph, thus 
demonstrating that the changes in pulse volume and form can be 
recorded by other methods than the arm plethysmograph. 

The systolic blood pressure after pituitary injections was not altered 
in any constant or striking manner. At times it remained constant, at 
other times it rose slightly, while at still other times it fell somewhat. 
The diastolic blood pressure, on the other hand, which was taken by 
the auscultatory method, and was read at the end of the fourth phase, 
rose in the great majority of ipstances (see accompanying- chart). 



The effect of an injection of pituitary extract on the diastolic blood pressure 
of febrile patients. Note that as a rule there was a rise at the end of fifteen 
minutes, and that the maximum effect was observed after from thirty to forty- 
five minutes. 

This rise was usually apparent in the observation taken fifteen- minutes 
after the injection and reached its maximum in thirty to forty-five 
minutes. It therefore corresponded in time with alterations observed 
in the volume pulse and with the observed effects on the uterine con- 
tractions. The rise in the diastolic pressure amounted in some instances 
to 15 mm. Hg, or more, and this, together with its time and relative 
constancy, made it certain that it was due to the action of the drug. 
The impression was gained, furthermore, that the rise in diastolic 
pressure was most striking and constant when the pulse was of a 
definitely pointed form. 
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are due to the neutralization of endotoxins. Opie 38 found that leuko- 
cytes injected into the pleural cavities of dogs in which a tuberculous 
pleurisy had previously been produced, tended to inhibit the develop- 
ment of the process, as those animals which received the leukocytes 
lived longer than the controls. Recently, Bail 30 has advanced evidence 
that supports this theory. He found that a strong anticholera serum 
would not neutralize the endotoxin obtained from cholera bacilli, but 
that the toxin was destroyed if it was first incubated with a fresh 
emulsion of leukocytes and the antiserum then added. In these experi- 
ments the leukocytes were removed by centrifuging before the serum 
was added. Control experiments demonstrated that the leukocytic 
emulsion alone did not destroy the toxin. Heating the leukocyte 
emulsion thirty minutes at 58 C. destroyed its antitoxic action. 

Bull and I 40 showed that leukoprotease will destroy the toxic 
extracts of typhoid bacilli and meningicocci, and it is not improbable 
that 'a similar explanation will apply to the results obtained by Bail. 

It will be seen, then, that in ’considering the part leukocytosis may 
play in the recovery from disease, we must consider other factors in 
addition to phagocytosis. 

MOBILIZATION OF FERMENTS 

Petersen and I have already pointed out that in experimental 
animals intravenous injection of bacteria, 41 kaolin, 42 protein split prod- 
ucts 43 and trypsin 44 is almost invariably followed by more or less 
marked mobilization of serum protease and usually of esterase. 

Similar reactions occur in patients following the intravenous injec- 
tion of vaccines and proteoses, but not to 'the same degree nor with 
the same regularity as in animals. In considering the possible effects 
of such a mobilization of ferments, both protease and esterase, we 
must keep in mind the fact that a variety of reactions may occur. The 
serum protease, as other tryptic ferments, is without effect on bac- 
teria ; 45 but if we consider the source of the intoxication which occurs 
in the diseased organism as primarily due to protein split products 
derived from the bacteria, then such a mobilization of protease may 
be of considerable importance in the process of detoxication, as the 
toxic fragments are hydrolyzed to lower and nontoxic forms. Petersen, 
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The two conditions, idiopathic purpura hemorrhagica and aplastic 
anemia, present the common symptoms, anemia and purpura. In text- 
book descriptions Of purpura hemorrhagica and aplastic anemia there 
is usually no mention of a differential diagnosis between these con- 
ditions, though Naegeli 1 does briefly consider the differences, and 
Frank , 2 in a comprehensive paper, discusses these types of cases. 
Naegeli 1 and Pratt 3 confirm my own belief derived from clinical dis- 
cussions, from the study of cases, reports and text-book descriptions, 
that these conditions are not infrequently confused with each other. 
Not only are these two conditions .confused with each other, but also 
with the nonleukemic phase of leukemia, bone marrow tumors, osteo- 
sclerosis, and, at times, with pernicious anemia and types of splenic 
anemia, etc. 

Purpura hemorrhagica is sometimes confused with the other types 
of purpura, arid the chronic type is often undoubtedly confused with 
hemophilia. This confusion seems to arise from the lack of a careful 
study of the blood, so that from some reports (for example, those of 
Dean , 4 Phillips 5 and Elliott 5 ) one cannot be sure of the real nature of 
the case reported. 

The facts and thoughts expressed in this paper have been derived, 
not only from the literature, but also from a study of some twenty-five 
cases in the purpura hemorrhagica and aplastic anemia group, all of 
which have shown few blood platelets. Many of the cases have been 
studied in conjunction with Dr. Roger I. Lee, to whom I am much 
indebted. A few of these cases are briefly summarized at the end of 
the paper. 


* Submitted for publication Jan. 5, 1917. 

*From the Medical Service of the Massachusetts General Hospital. 

1. Naegeli: Blutkrankheiten und Blutdiagnostik, Leipzig, 1912. 

2. Frank: Berl. klin. Wchnschr., 1915, 52, 961; also 454 and 490. 

3. Pratt: Osier and McCrae, Modern Medicine, 1915, 4, 687. 

4. Dean : Brit. Med. Jour., 1907, 2, 815. 

5. Phillips: Cleveland Med. Jour., 1915, 14, 533. 

6. Elliott: The Archives Int. Med.,. 1909, 3, 193. 
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will tend to increase these lipoids, either by increasing the supply or 
by decreasing the utilization, will increase the antiferment titer, while 
conversely, any influence decreasing these lipoids, their dispersion or 
their unsaturation, will tend- to decrease the titer. 

Wright 50 worked with saprophytic and serosaprophytic organisms, 
and noted that the addition of antiferment to the culture medium com- 
pletely checked the growth of the serosaprophytic bacteria. He also 
found that even the saprophytic bacteria grew less luxuriantly when 
no proteolytic ferment was added. The direct influence of the anti- 
ferment cannot be as simple as Wright would assume, as Rettger, 
Berman and Sturges 51 showed that the ordinary pathogenic organisms 
do not derive their protein requirements from native or even partly 
hydrolyzed proteins, but solely from the lowest split products. The 
antiferment inhibits only the action of tryptic and not the peptolytic 
and ereptic ferments. Of course, when we are dealing with a definite 
tryptogenic organism it becomes apparent that an increase in antifer- 
ment would offer an increased factor of resistance against its growth. 

The immediate effect of the vaccine and proteose injections is not 
an increase, but a distinct decrease, in the antiferment titer for a short 
period of time, followed later by a rise. The exact cause of these 
changes in the antiferment index remains undetermined. 

PHYSICAL CHANGES IN SERUM 

We have recently found that there are distinct changes in the vis- 
cosity of the serum of animals undergoing immunization, and that 
similar changes occur in anaphylactic shock. This alteration may be 
of more than theoretical interest in our interpretation of the results 
obtained by the intravenous injections of nonspecific substances. 

Weil 52 and others have recently shown that antigen and antibody 
may coexist in the blood of the living animal, while Joachimoglu 53 has 
demonstrated that in anaphylactic shock the precipitins immediately 
disappear. The disappearance of precipitins, which no doubt is due 
to their combination with the antigen, would probably bring about 
conditions favorable to protease activity, as Bulger 54 and others have 
shown that proteolysis in serums is active following the formation of 
precipitates. It is well to bear in mind the possibility that the changes 
in viscosity following the intravenous injection of nonspecific sub- 
stances may cause a combination of the antigen and antibody which is 

50. Wright, A.: Brit. Med. Jour., 1915, 1, 625. 

51. Rcttgers, L., Berman, N., and Sturges, W.: Jour. Bacteriol., 1916, 1, 15. 

52. Weil, R. : Jour. Immunol., 1916, 1, 47. 

53. Joachimoglu, G. : Ztschr. f. Immunitatsforsch., 1911, Orig., 8, 453. 

54. Bulger, H.: Jour. Infect. Dis., 1916, 19, 882. 
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papers on this condition by Musser, Jr., 12 Cabot, 13 Lavenson, 14 Heub- 
ner 13 and Larrabee 10 are noteworthy. But as a terminal event in ordi- 
nary pernicious anemia the marrow may become exhausted or a ter- 
minal aplasia occur. In such an instance we should refer to a secon- 
dary aplasia. Aplasia of the marrow resulting from an osteosclerosis 
or infiltration of the marrow with leukemic or tumor cells, falls into 
another class and will be referred to later. 

During the course of certain recognized infections, as in various 
types of sepsis, malignant endocarditis, typhoid fever, diphtheria, 
miliary tuberculosis, and more rarely in pneumonia, aplasia or exhaus- 
tion of the marrow may occur, which contributes to the fatal termina- 
tion of such a case. In such instances we should speak of a secondary 
aplastic anemia, as we do a secondary purpura hemorrhagica, because 
we recognize some existing disease in the course of which aplasia or 
exhaustion of the marrow develops. It is perhaps best to consider that 
such an aplasia is due to some peculiar nature of the toxin produced by 
the organism causing the recognized disease in the individual case, and 
perhaps coupled with some congenital weakness of the marrow as sug- 
gested by Webber. 17 

The difference between the secondary and idiopathic cases of 
aplastic anemia may be summed up by saying that in the former we 
recognize a source for toxin formation and in the latter we do not. 
The blood picture in both may be identical and at times the character 
of the marrow at necropsy. In cases exhibiting sepsis, especially those 
with oral sepsis, we must distinguish the resulting anemia of a septic 
infection and the sepsis occurring from the lowered resistance of the 
body due to the aplasia. The latter is the type occurring in the 
idiopathic cases -of aplastic anemia. 

BLOOD PICTURE OP APLASTIC ANEMIA 

In aplastic anemia the blood picture shows no evidence, or very 
little evidence, of regeneration of the red cells, platelets and polynuclear 
leukocytes ; that is, of any of the three formed elements of the blood 
that originate in the bone marrow. The red cells appear quite well 
filled with hemoglobin. The color index averages 0.8, 13 often slightly 
higher. There is little or no variation in shape and little variation in 
size. Polychromatophilia, stippling, blasts, reticulation of red cells and 
Howell-Jolly bodies are absent or rare. Thus the red cells in an 

12. Musser: The Archives Int. Med., 1914, 14 , 275. 

13. Cabot: Osier and McCrae, Modern Medicine, 1908, 4, 637. 

14. Lavenson: Am. Jour. Med. Sc., 1907, 133, 100. 

15. Heubner: Folia liaemat., 1915, 19 , 347. 

16. Larrabee: Am. Jour. Med. Sc., 1911, 169 , 57, 

17. Webber: Proc. Roy. Soc. Med., 1914, 7, 184. 



THE EFFECT OF PITUITARY -INJECTIONS ON THE 
BLOOD PRESSURE OF FEBRILE PATIENTS * 

HARRY B. SCHMIDT, M.D. 

ANN ARBOR, MICH. 

Although the intravenous injection of pituitary extracts into ani- 
mals is usually followed by a considerable rise of blood pressure, no 
comparable effects have been observed after the injection of therapeutic 
doses of this drug into man. Thus, van den Velden 1 says that he 
observed no constant and striking rise after injecting the usual doses, 
and Behrenroth, 2 while noting a general skin pallor after intravenous 
injections, was unable to establish any definite and constant change in 
the blood pressure. 

Since plethysmographic records of the arm made in this clinic 
showed that pituitary injections influenced the volume and form of 
the febrile pulse, it seemed worth while to restudy the effect of such 
injections in this class of patients in order to determine whether the 
changes observed in the pulse volume and form were accompanied by 
alterations in the systolic or diastolic blood pressures. 

Twenty-seven observations were made on fifteen patients. Of these, 
six had pulmonary tuberculosis, three infectious sore throat, one 
Graves’ disease, three lobar pneumonia, one surgical shock, and one 
was convalescing from typhoid fever. From 1 to 1 y 2 c.c. of extract of 
the pituitary gland (pituitrin P. D. & Co.) was injected deep into the 
muscle of the arm. The blood pressures were taken several times 
before the injection, and thereafter at intervals of about fifteen minutes 
for a period of one hour or more. The pulse rate, temperature and 
rate of respiration were also noted. Aside from an occasional slowing 
of the pulse rate, which never exceeded ten beats per minute, no defi- 
nite change in these occurred. 

Before the injection the pulse was usually of a bounding character 
(pointed or collapsing pulse). Following the injection it could often 
be felt to become smaller and more sustained. This change was usually 
noted in the observation made fifteen minutes after the injection, and 

* Submitted for publication Feb. 1. 1917. 

* From the Department of Internal Medicine, University of Michigan. 

1. Van den Velden. R.: Die Nierenwirkung von Hypophysenextrakten beim 
Menschen. Berl. klin. Wchnsclir., 1913. 50, 2083. 

2. Behrenroth. E.: Ueber die Eimvirkung des Hirnanbangsextraktes auf den 
Blutdruck des Menschen nebst Bermerkungen fiber einige Injektions-versucbe 
am -vvachsneden Tier, Deutsch, Arch. f. klin. Med.. 1913-1914, 113 , 393. 
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of red cells. The red cells accordingly are of the type found in an 
acute or chronic posthemorrhagic anemia — variation in shape is slight, 
variation in size is evident — some achromia occurs, and the color index 
tends to be low. Polychromatophilia and stippling occur, at times a 
few normoblasts, and apparently rarely a Howell-Jolly body. The 
reticulated red cells, which seem to be an excellent indicator of the 
red cell activity of the marrow, are increased when definite anemia is 
present. The white count is somewhat elevated, usually about 12,000, 
rarely as high as 35,000. s An increased percentage of polynuclears 
occurs with the higher and often with the lower counts. It seems that 
the brisker the hemorrhage the more response there is of the poly- 
nuclear elements of the bone marrow, and likewise of the red cell 
elements. 

In four cases of purpura hemorrhagica I have noted the type of 
polynuclears. Twice there was a definite “left-handed shift” (Arneth), 
and twice this picture was about normal, or perhaps a slight “left- 
handed shift” occurred. 

The platelets in normal blood range from about 225,000 to 325,000 
per mm. 21 In purpura hemorrhagica they are diminished, and when 
below about 60,000, hemorrhages tend to occur. The platelets are 
often markedly diminished (1,000) when the bleeding becomes severe. 
This is quite opposite to the marked increase, frequently to 1,000,000, 
seen in ordinary posthemorrhagic anemia where the blood picture is 
one of active bone marrow regeneration for all the three formed 
elements. The character of the few platelets to be seen in purpura 
hemorrhagica has been noted by Hess 22 to be both abnormally small 
and abnormally large. I have also noticed in such cases unusually 
small and unusually large platelets. However, they were not as large 
as the huge ones seen after splenectomy in pernicious anemia. The 
study of many bloods suggests that from the size and shape of the 
platelets we may obtain information on altered bone marrow activity. 

% 

BLOOD PICTURE IN CASES SUGGESTING AN INTERMEDIATE TYPE OF BONE 
MARROW BETWEEN APLASTIC ANEMIA AND PURPURA HEMOR- 
RHAGICA AND CONSIDERATION OF SUCH CASES 

CASES CALLED PURPURA HEMORRHAGICA • 

Some cases of purpura hemorrhagica do not have an elevated white 
count. A leukopenia is occasionally present. Coe 10 pointed out that 
in some of his cases, as has occurred in other reported cases, as 
Levison’s, 23 and cases I have studied, the white count was not greater 

21. Wright and Kinnicutt: Jour. Am. Med. Assn., 1911, 56, 1457. 

22. Hess : The Archives Int. Med., 1916, 17, 203. 

23. Levison: Jour. Am. Med. Assn., 1906, 47, 936. 
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No effect on the pulse or blood pressure was observed when the 
pituitary extract in doses of 2 c.c., or when pituitary substance in 
doses of 15 gr. of the desiccated gland, was administered by mouth. 

In several patients repeated injections of pituitary extract were 
given at intervals of two hours or more. So far as could be deter- 
mined, the effects produced by subsequent injections differed in no 
way from the effects produced by the primary injections. 



1068 


THE ARCHIVES OF INTERNAL MEDICINE 


platelets, at times exclusively and specifically so. In some cases, how- 
ever, this process acts less specifically and involves to a varying degree 
the other elements of the bone marrow in addition to the platelets. 

Cases v of this intermediate group are comparable to the partial 
aplasia produced in many instances by benzol. The action of this drug 
seems most marked on the polynuclear elements of the marrow, next 
on the platelets and the red cells. Cases of benzol poisoning had best 
be called by this name, as here we have a clearly recognized poison 
that acts on the marrow, the purpura hemorrhagica becoming a symp- 
tom of the poisoning and the aplasia of the marrow the pathology of 
the condition. 

Cases also suggesting an intermediate type of disease between 
aplastic anemia and purpura hemorrhagica are those of a unique 
character reported by Larrabee 10 and also by Turk . 24 These are cases 
having the blood picture of aplastic anemia that remitted, finally to 
relapse and result in the death of the patient. 

It is to be noted that in those conditions which we call typical 
aplastic anemia the red cells and white cell elements are involved 
before the platelets, so that there is a definte degree of anemia estab- 
lished before hemorrhage occurs. In the types of purpura hemor- 
rhagica the platelets are involved at the onset, so that the hemorrhage 
appears early, before the anemia is especially evident. In some cases 
reported 25 of aplastic anemia the hemorrhage has been the first symp- 
tom. But it is not the hemorrhage that has caused the anemia here. 
Rather, these are cases in which the platelet elements are especially 
involved early and generalized aplasia immediately follows. Or we 
can perhaps better explain such an instance by the fact that an acute 
generalized aplasia will be evidenced first in the platelets, because the 
life of the platelets is but three to five days, and that of the red cells 
definitely longer, ten to fourteen days. That is, the platelets circulating 
in a body not forming new platelets or red cells, will disappear before 
the circulating red cells. 

STIMULATION OF THE MARROW IN THESE CASES 

One must scrutinize the cases of purpura hemorrhagica and aplastic 
anemia as one does other cases of “blood disease,” not only from the 
standpoint of marrow activity, but with reference to the degree of 
stimulation the marrow can receive, for example, from transfusion. 
One should follow not any of the three formed elements originating in 
the marrow, but all of them in a similar fashion to that used by Lee, 

24. Turk: Quoted by Frank (see footnote 2). 

25. Steinhaus and StordeurT Arch, de med. exper. et d’anat. path., Paris, 
1908, 20 , 205. Hirschfeld : Berk klin. Wchnschr., 1906, 43 , 544. 
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PURPURA HEMORRHAGICA 

Purpura hemorrhagica may be considered as a condition in which 
we have bleeding from one or more mucous membranes, often with 
purpuric skin lesions, associated with a diminution of blood platelets, a 
delayed bleeding time, and a nonretractile soft blood clot. The coagu- 
lation time is normal or slightly delayed, rarely much delayed. Purpura 
hemorrhagica is perhaps more usually secondary (Pratt, 3 Matthews and 
Carpenter 7 ) to some recognized disease, as diphtheria or tuberculosis, 
and likewise is considered secondary when it accompanies aplastic 
anemia, leukemia, bone marrow tumors, pernicious or splenic anemia, 
etc. In such conditions it is a symptom. When it is not secondary to 
a recognized disease, it then constitutes what is often regarded as a 
disease entity called purpura hemorrhagica, the synonyms of which 
apparently are essential thrombopenie, pseudohemophilia, and some- 
times Werlhof’s disease. 

Idiopathic purpura hemorrhagica is a disease that may be acute, 
subacute or chronic, of a continuous or intermittent nature — in some 
instances lasting over twenty years. A congenital and hereditary type 
exists. 

Purpura hemorrhagica has been especially studied by the French, 
notably by Hayem 8 9 and Bensaude and Rivet 0 In this country Coe 10 
first reported cases of the chronic type. Duke 11 has made careful 
studies on purpura hemorrhagica clinically and experimentally. 

APLASTIC ANEMIA 

The term acute aplastic anemia, as a disease entity, should be 
reserved for a disease whose etiology is unknown and which runs an 
acute, progressively downward, fatal course of about three to six 
weeks’ duration, occurring especially in individuals between 15 and 
30 years of age. Fever frequently occurs. There is no evidence of 
increased blood destruction, as in pernicious anemia. Whatever the 
cause of the disease may be, we are bound to suppose that its chief 
effect is to inhibit the formation of all new elements from the bone 
marrow, for at necropsy the marrow of typical cases shows practically 
complete fatty degeneration. 

Aplastic anemia has become best recognized as a condition simu- 
lating, but to be sharply differentiated from, Addisonian anemia (per- 
nicious anemia) and the so-called degenerated secondary anemias. The 

7. Matthews and Carpenter: Am. Jour. Med. Sc., 1911, 143 , 36. 

S. Hayem : Presse med., 1895, p. 233. 

9. Bensaude and Rivet: Arch. gen. de med., 1905, 1, 193. 

10. Coe: Jour. Am. Med. Assn., 1906. 47, 1090. 

11. Duke: The Archives Ixt. Med.. 1912, 10 , 445: ibid.. Jour. Am. Med. 
Assn.. 1910. 55, 11S5. 
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and diminished reticulated cells, some twenty-four hours after trans- 
fusion. Also, for example, I have seen a case of .idiopathic aplastic 
anemia, which showed before several transfusions a white count of 
2,000 to 3,000, with 50 to 60 per cent, polynuclears and 0.2 to 0.7 per 
cent, reticulated cells, exhibit evidence of an increased depression of 
the marrow that was left to functionate, as evidenced by the white 
count becoming 1,000 to 2,000, the polynuclears 30 to 40 per cent., and 
the reticulated red cells entirely disappearing the day after transfusion. 
The bleeding in this case, however, was controlled by transfusion, pre- 
sumably by the transfused platelets. 

In cases of benzol poisoning, if the source of poisoning is removed, 
we might then expect that as the body cannot hold benzol the marrow 
would begin to regenerate. This occurs in the mild cases, but in the 
severer cases it seems the marrow is so severely injured that there is 
no regeneration, and death ensues. It seems, however, that if cases of 
the severer type are tided over a period of time by repeated trans- 
fusions, recovery can take place. Such an instance is reported by 
McClure, 27 the same case studied by Minot, Denny and Davis. 28 This 
suggests that the poison has acted to “spring some trap” that prevents 
a regeneration unless sufficient time is given for its release or sufficient 
repeated efforts at stimulation finally allow the marrow to react 
favorably. 

This, in turn, suggests that if one obtains no result from one trans- 
fusion in idiopathic purpura hemorrhagica cases, he should, if possible, 
repeat the procedure. Of course in benzol poisoning, the cause being 
removed, one may rightly hope for the ultimate restoration of a 
damaged marrow. In purpura hemorrhagica, since the cause is 
unknown, success depends on unknown factors. 

ABNORMAL DESTRUCTION OF PLATELETS AS POSSIBLE CAUSE FOR PURPURA 
HEMORRHAGICA. CONSIDERATION OF PATHOLOGY 

The presence of very few blood platelets in the circulatory blood 
in many instances can be accounted for by a marked diminution in the 
megacaryocytes (giant cells) of the bone marrow, cells from which the 
platelets are formed, as conclusively shown by Wright. 29 Diminished 
numbers of platelets in the blood stream, however, are not always asso- 
ciated with diminution of megakaryocytes. In such cases we must 
conceive of some other process than destruction of the megakaryocytes 
to account for the diminished circulatory platelets. One plausible 
explanation is that the platelets, as fast as they are formed, are rapidly 

27. McClure: Jour. Am. Med. Assn.. 1916, 67, 793. 

28. Minot, Denny and Davis: The Archives Int, Med., 1916, 17 , 101. 

29. Wright: Jour. Morphol., 1910, 21 , 263. 
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ordinary stained smear appear not much altered from normal, which is 
a rather striking fact when the red 'count and hemoglobin are found 
very low, the red count often reaching 500,000 before death. In any 
other condition, with such low red counts as occur in the course of 
aplastic anemia, we find a greater change in the cells from normal. . 
Should the color index be high, and should we find an occasional and 
unduly large, and especially an oval shaped, erythrocyte, but the other 
characteristics of aplastic anemia, we should suspect that though we 
had a case of aplasia of the marrow, it had developed from a case pf 
pernicious anemia, as Musser 12 has pointed out. 

The platelets in the blood in cases of aplastic anemia are markedly 
diminished, often nearly absent. Their character has not been reported 
on, though it has been noted 18 that in general when platelets are few 
they are usually large. In one ease, which I have examined with this 
point in mind, they seemed to be often abnormally large; while in 
another case they were usually about normal size, occasionally small 
and some were definitely large, but not markedly so. The white count 
shows a leukopenia more marked as the disease progresses. This 
leukopenia consists in an absolute diminution of the polynuclear cells, 
and usually in disappearance of eosinophils, with thus a relative but 
not absolute lymphocytosis. The lymphocytes in my five cases like 
other cases (Musser, 12 Cabot 13 ) varied from 45 per cent, to 92 per cent., 
averaging 73 per cent. They remain of the normal type. I have found 
no reports on the character of the polynuclears. The few polynuclears 
I was able to observe in three cases showed in each case normal types. 
It seemed, however, as if the single and double lobed types were more 
plentiful than normal, so that there occurred a “left-handed shift” 
(Arneth), which is in contrast to the frequent “right-handed shift” 
seen in pernicious anemia as pointed out by Briggs. 10 

THE BLOOD IN CLEAR CUT CASES OF PURPURA HEMORRHAGICA 

The only constant and striking feature in the blood of cases- of 
purpura hemorrhagica is the marked reduction of blood platelets. 1 
have recently described in detail a typical case. 20 

The blood picture in typical cases of purpura hemorrhagica is con- 
sistent with abione marrow which is unable to form platelets, but to a 
greater or less degree is able to produce polynuclear leukocytes and 
red cells. 

The anemia in these cases is largely due to the hemorrhage and 
not apparently to a lack of formation or to an increased destruction 

IS. Kemp, Calhoun and Harris: Jour. Am. Med. As sn., 1905, 46, 1022. 

19. Briggs: Am. Jour. Med. Sc., 1914, 148, 413. 

20. Minot: Am. Jour. Med. Sc., 1916, 152, 48. 
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genital and acquired types of hemolytic jaundice, in the former the 
platelets being involved in a similar fashion, as the erythrocytes are 
involved in the latter. 

We do not have to assume that to produce idiopathic purpura 
hemorrhagica there must be either a destruction of platelets in the 
plasma or a specific toxic action to destroy megakaryocytes, or bone 
marrow in general. We can suppose that, though these giant cells are 
plentiful in numbers, they become affected so that they are unable to 
allow platelets to be cut off from them in normal fashion. It seems 
that no matter which of these three pathologic processes may occur, 
however, and perhaps all three occur singly or together in different 
cases, the blood picture would be the same as far as any methods now 
known can tell us. 

It may well be that the action of an abnormally rapid destruction 
of platelets in the blood stream in certain instances acts to cause, to a 
greater or less degree, a depression of the whole marrow. 

FURTHER CONSIDERATION OF PATHOLOGY IN THIS- 
GROUP OF CASES 

Diminution of the megakaryocytes is undoubtedly the cause of the 
reduction of platelets in the circulatory blood in aplastic anemia, as 
diminution of the red and white cell elements of marrow is the cause 
for the diminished red and polynuclear count. In the typical cases one 
finds a yellow, fatty or gelatinous gray marrow with either very few 
normal cell elements present or none at all. There are numerous very 
interesting cases reported in the literature (Larrabee , 10 Frank 2 ), giving 
apparently the blood picture of aplastic anemia, but without clear cut 
pathologic marrow. • Such cases are a study in themselves and will be 
briefly referred to. Some of these cases have had but few normal cells 
in the marrow and have shown lymphoid-like cells. Others have shown 
mixtures of lymphoid areas in a fatty degenerated marrow. Still 
others have shown foci of normal, perhaps hyperplastic marrow in 
some parts, with degeneration in other parts. Such cases present a 
picture of an incomplete aplasia. In fact, we must remember that' 
many cases eventually terminating with complete aplasia, during the 
course of the anemia do show often a few young regenerative cells, 
which are probably formed from the small active foci of marrow 
attempting to compensate the marked destructive process. 

In the symptomatic cases of purpura hemorrhagica associated with 
leukemia or tumor infiltrations of the marrow, the megakaryocytes have 
been displaced by the abnormal cells so that they are very few in num- . 
ber, as we might expect from the few platelets in the peripheral blood. 



MINOT— MARROW INSUFFICIENCY 


1067 


than 5,000 to 6,000, and not as much elevated as a similar amount of 
direct hemorrhage would cause in an individual whose hemopoietic 
system was functionating normally. Such cases suggest that the bone 
marrow could not respond as well to the stimulus received by the 
hemorrhage as it should, and suggest, further, that there may have 
been some depression of the white cell elements of the marrow. This, 
of course, suggests a transition towards an aplasia that involves the 
platelets markedly, the white cell elements of the marrow slightly, but 
not the red cell elements, for in such cases regenerative forms are fre- 
quent, though not abundant. Again, at times one may see in some cases 
with a normal or slightly increased white count a slightly increased per- 
centage (50 per cent.) of the lymphocytic cells, which would likewise 
suggest a lack of response of the polynuclear elements of marrow. 
Other cases, as Case 5, presenting a chronic anemia without any signs 
of increased blood destruction and without much loss of blood, show 
red cells of a character that strongly suggest poor erythrocytic activity 
of the marrow. The white cells in these cases show a leukopenia with 
slight relative and absolute diminution of the polynuclears. The plate- 
lets are of course diminished in numbers, but only enough to cause 
mild purpura hemorrhagica symptoms. Such cases often spontaneously 
get somewhat better, only eventually to relapse. These cases suggest 
a midway stage between purpura hemorrhagica and aplastic anemia. 

We should also note that cases approaching these intermediate cases 
are those of true aplastic anemia, like one 1 have recently seen (as 
evidenced by the blood picture, rapid course of the disease and yellow 
fatty marrow), that show during the earlier course of the disease less 
evidence of aplasia than others, as evidenced especially by the presence 
of a few reticulated cells rather than none, and the presence of a slight 
leukopenia and slight lymphocytosis rather than a marked leukopenia 
and marked lymphocytosis. In other words, one can find cases in 
which the blood picture can be interpreted as showing all degrees of 
involvement of the three elements of the marrow equally or unequally 
which belong to this group of cases called purpura hemorrhagica. 
These intermediate cases seem related to the more clear cut disease 
known as idiopathic purpura hemorrhagica, in that, in common, the 
nature of the process is unknown, the most marked symptom is pur- 
pura or bleeding, and the most striking blood finding is the diminution 
of blood platelets. As yet, inadequate data do not permit the assump- 
tion, but certainly suggest, that all these conditions with diminished 
platelets and purpura are essentially similar, even if in some cases the 
lesion is wholly situated in the marrow and in others is referable to 
increased platelet destruction in the plasma, which will be referred to 
later. The disease process is always directed intensely towards the 
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Is it not possible that at times, with or without hypertrophy of the 
spleen, its physiologic activity is altered so as to cause bone marrow 
depression? It is, however, to be noticed that in the conditions called 
idiopathic purpura hemorrhagica and aplastic anemia the spleen is very 
rarely palpable and never much enlarged. There is a group of cases 
described by Kleinschmidt, 34 and also by Babonniex and Tixier, 35 in 
children, in which there is marked evidence of blood destruction, 
enlargement of the spleen and aplasia of the marrow at necropsy. 
Such odd types of blood disease serve to show how we can find almost 
any combination of factors involving blood destruction and formation, ' 
and how we can .find examples intermediate between the different more 
clear, cut types of blood disease. 

Let it be noted here that the various hypotheses and assumptions 
given above, as well as those that follow, are simply speculations’and' 
theories, and not proved facts. 

FRAGILITY OF RED CELLS IN APLASTIC ANEMIA AND PURPURA 

HEMORRHAGICA 

The fragility of the red cells to various strengths of sodium chlorid 
solution in a case of aplastic anemia has been studied by Musser. 12 He 
found that the cells began to break up in almost the same strength salt 
solution as they normally do, 0.47 per cent., but that complete hemolysis 
occurred in a greater percentage of salt solution than normal — 0.40 to 
0.37 per cent., instead of 0.34 to 0.30 per cent. In one case we obtained 
exactly the same figures ; in another it began in 0.42 per cent., and was 
complete in 0.36 per cent, solution. Musser considers the alteration 
in the maximal resistance to be due to the absence of the young red 
cells. Pepper and Peet, 50 however, were unable to find any abnormal 
fragility of the reticulated red cells, cells considered to be young 
red cells. 

In experimental purpura caused by antiplatelet serum, Musser and 
Krumbhaar 37 have recently observed a decreased resistance of the 
red cells. ' l 

Frank ss studied the fragility of the reds in one case of purpura 
hemorrhagica and found hemolysis to begin in 0.46 per cent., and 
complete hemolysis to occur in 0.28 per cent, solution. I found in a 
case with considerable anemia that hemolysis began in 0.45 per cent., 
and complete hemolysis 1 occurred in 0.24 per cent, solution. The same 
figures were also obtained in a second similar case, while in two others 

34. Kleinschmidt: Jahrb. f. Kinderh., 1915, 81, 1. 

35. Babonniex and Tixier: Arch. d. xnal. du coeur, 1914, 7, 281. 

36. Pepper and Peet: The Archives Int. Med., 1913, 12 , 81. 

37. Musser and Krumbhaar : Jour. Am. Med. Assn., 1916;- 67, 1894. 

38. Frank: Berl. klin. Wchnschr., 1915, 52, 454 and 490. 
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Minot and Vincent 20 in their splenectomized cases of pernicious anemia. 
The study of the absolute and relative numbers of the polynuclear 
leukocytes, the reticulated red cells and platelets is of special impor- 
tance in determining the degree of activity of these three formed 
elements originating in the marrow. 

In aplastic anemia there is no evidence of regeneration or activity 
of the marrow as reflected' in the blood picture, and following trans- 
fusion there will be no evidence of a stimulation of the marrow by this 
procedure. 

The degree of involvement of the marrow in purpura hemorrhagica 
cases and the intermediate group of cases can be further judged by the 
resulting stimulation of the marrow by such a procedure as transfusion. 

In some cases of purpura hemorrhagica one sees all of the bone 
marrow elements favorably affected after transfusion; in other cases, 
only the red cells and polynuclears in varying degrees. It is to be noted 
that a perma-iient rise of platelets is best referred to a stimulation of 
the marrow and not to a filling up of the patient with normal blood 
relatively rich in platelets. The slight immediate rise in the platelets 
in such cases, following a transfusion with the accompanying tem- 
porary cessation of the hemorrhage, is referable to a simple replacing 
of the lacking element, while a permanent or a marked rise even if but 
temporary , is a sign of an increased activity of the diseased marrow, 
provided we suppose there is not previously an abnormal rate of 
destruction of platelets that becomes lessened. 

. In some cases transfusion will add to the red and white cell ele- 
ments of the marrow a stimulation beyond that which it has already 
received by the hemorrhage, yet the platelet elements will be but 
slightly affected. In other cases, especially those referred to as inter- 
mediate types of purpura hemorrhagica, the effect of transfusion on 
either or both the red and white cells will be slight, suggesting further 
that the activity of these cells in the marrow is depressed. We may 
conceive of a partial general aplasia in such instances. 

Such cases as Case 5 may be capable of some mild stimulation, but 
even after transfusion, never exhibit as marked stimulation of the red 
and white cells as is seen following hemorrhage in some of the more 
sharply defined types of purpura hemorrhagica. 

It is also to be noted that in some instances following transfusion 
one may see a temporary depression of the marrow, later followed by 
a stimulation or by simply a return to the state before transfusion. I 
have seen, for example, three instances of mild secondary purpura 
hemorrhagica developing in cases of pernicious anemia associated with 
increased diminution of platelets and increased polynuclear leukooenia 


26. Lee, Minot and Vincent: Jour. Am. Med. Assn.. 1916. G7, 719. 
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Type 2 A it is to be noted that platelets are always diminished below normal. 
With attacks of bleeding they become more diminished, or may throughout the 
course of the disease remain so low that purpuric symptoms are constantly 


present. In Type 2 B the platelets are 
attacks. 

3. Intermediate type of bone marrow 
involvement usually called purpura 
hemorrhagica 

This may be the end-result of 
Type 2, or appear as the subacute 
or chronic form. Duration, weeks, 
or more; usually over months or 
years; may be intermittent in the 
intensity of the involvement of 
the marrow elements'. 


diminished below normal only with the 


Platelet elements of marrow involved 
with varying degrees of depression or 
aplasia of either or both the white 
and red cell elements of the marrow. 
Perhaps some platelet destruction also 
occurs. 


Purpura hemorrhagica is hardly a satisfactory name for the disease 
conditions referred to — the term does well for the name of the symp- 
toms. Aplastic anemia is a satisfactory term, but it is a term to be 
used only in one special group of these related cases. It would seem 
better if we chose more specific terms, as chronic insufficiency of the 
blood platelets, or, congenital hypoplasia of the marrow. Best of all, 
I think, is insufficiency of the marrow with especial involvement of 
the platelets or other formed elements in varying degrees. Also we 
should very probably refer to some cases as associated with abnormally 
rapid platelet destruction. . 


DIFFERENTIAL DIAGNOSIS OF PURPURA HEMORRHAGICA AND 

APLASTIC ANEMIA 

We may recall here that certain poisons, as benzol, act to produce 
varying degrees of aplasia of the marrow, and we should not forget the 
possibility of such poisoning when cases of an aplastic or hemorrhagic 
type present themselves. Such instances as those in which we recog- 
nize the etiology should be called by the name of the poison producing 
the diseased condition. Purpura hemorrhagica and aplastic anemia 
may appear as idiopathic diseases or as conditions secondary to some 
recognized disease. Let us briefly consider the diseases with which 
purpura hemorrhagica and aplastic anemia are more usually confused. 

i. Other Types of Purpura. — Purpura hemorrhagica is not to be 
confounded with certain other types of purpura, drug purpuras, pur- 
pura simplex, some cases of so-called Henoch’s purpura, and purpura 
rheumatica (Schoenlein’s purpura). These conditions differ in various 
ways from purpura hemorrhagica, but especially in that their blood 
platelets occur in essentially normal numbers , and sometimes above 
normal. It may also be noted that joint symptoms in purpura hemor- 
rhagica are very rare. It seems to me that improper use of the term 
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destroyed in the circulating blopd. 30 Should this occur, or should there 
be a destruction of the giant cells, or their ability to form platelets be 
altered, the cases of idiopathic purpura hemorrhagica would present, as 
far as we now know, quite the same blood picture. 

The few reports that I have been able to locate on the pathology 
of the marrow in cases exhibiting before death the blood picture of 
pure idiopathic purpura hemorrhagica have generally simply stated 
the marrow was reddish. I have not found in the literature any report 
of a careful histologic study of the marrow in these cases. Dr. Wright 
has kindly located notes of an unpublished case of idiopathic purpura 
hemorrhagica which he studied some years ago and has recently gone 
over with me the fixed preparations from the necropsy. Clinically, the 
case closely resembled Case 1. The patient, a boy of 14, suddenly 
began having purpuric skin lesions, followed rapidly by repeated 
hemorrhages from the mucous membranes and fresh crops of purpuric 
spots on the skin, until death six weeks after the onset. The platelets 
were markedly diminished. A progressive anemia of the so-called 
secondary type developed, with elevated white count and essentially 
normal percentages of polynuclear cells. The necropsy showed a red 
marrow, with evidence of active regeneration of the red and white cell 
elements. Interestingly enough, the megakaryocytes were plentiful, 
perhaps slightly increased above normal numbers. From the available 
preparations one could not tell if there was any definitely altered his- - 
tologic appearance of these cells. The other findings at necropsy were 
hemorrhages into many organs, an otitis media and streptococcus septi- 
cemia. The latter, from the clinical chart, would seem to be entirely 
secondary. The picture of the marrow in this case is quite in accord 
with the findings of Lee and Robertson 31 in experimental purpura 
hemorrhagica caused by antiplatelet serum. These authors found but 
slight alteration in the character of the megakaryocytes and no diminu- 
tion in their number. Owing to the rapidity with which the experi- 
mental animals developed symptoms of purpura hemorrhagica, it would 
seem that the cause of the diminished platelets was due to their destruc- 
tion in the circulating plasma. The presence of a plentiful number of 
• megakaryocytes in the human case would also suggest that the platelets 
were formed in normal or even increased numbers, but that their 
scarcity in the peripheral blood was due to an abnormally rapid and 
constant destruction. Unfortunately, we have no means of determin- 
ing the rate or degree of platelet destruction, as we have in the urobilin 
tests for red cell destruction. The congenital and chronic acquired 
types of purpura hemorrhagica might well be comparable to the con- 

30. Foa : Arch. sc. med., Paris, 1916, 39, 317. 

31. Lee and Robertson: Jour. Med. Research, 1916, 33, 323. 
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Naegeli, 1 among others, have pointed out that cases are reported as 
Werlhof’s disease (purpura hemorrhagica) which are probably nothing 
more than cases of acute lymphoid leukemia. In such leukemic cases 
the diminution of the platelets and red cells and white cell elements of 
'tlie marrow is not due to a fatty condition of the marrow, but rather 
to a crowding out of the normal cells of the marrow by the tumor-like 
cells (myelophthisis). Usually such cases show at necropsy a red, or 
partly red, marrow with infiltration by the tumor-like, cells. That part 
of the normal marrow that is left seems still capable of regenerating 
the red cells, white cells and platelets after normal fashion, 'though the 
amount of these elements regenerated is less than normal. Hence, 
anemia results, purpura hemorrhagica results, and a diminished abso- 
lute polynuclear count results. Thus, in the peripheral blood we see a 
picture of active compensating function of the remaining erythroblastic 
marrow, that is, polycbromatophilic cells, reticulated cells, blasts, and 
cells of abnormal shape and size. Part of the picture may be due to 
an irritation of the marrow by the abnormal or foreign cells. 

This red cell picture is in contrast to that seen in aplastic anemia 
and is more like that seen in purpura hemorrhagica. However, some 
cases exhibiting the picture seen in aplastic anemia, show at necropsy 
a marrow with few or no normal cells, but with a hyperplasia of 
lymphoid cells or a lymphoid marrow. Some of these cases remain 
puzzles, others perhaps are the end-results of a leukemia. Such cases 
would be perhaps impossible to tell from an aplastic anemia with the 
usual fatty or degenerate marrow unless one found numerous abnormal 
types of white cells in the blood smear. 

In considering the differential diagnosis of purpura hemorrhagica 
and the nonleukemic phase of leukemia we should pay especial atten- 
tion to the presence or absence of the swelling -of the lymph nodes. 
If enlarged, they certainly suggest a leukemic nature of the disease. 
But unfortunately they are often not appreciably enlarged in the non- 
leukemic phase of leukemia, so that mistakes in diagnosis are easy. 

Naegeli 1 has pointed out that sometimes in the' acute cases the 
lymphocytosis is not very marked, so that the diagnosis must often 
depend on the demonstration of qualitative variations of the lympho- 
cytes, especially the presence of large lymphocytes with pale nuclei, 
and on the demonstration of forms with lobulated nuclei described by 
Rieder and other abnormal types of cells of the lymphocyte series. 
The finding of a considerable number of abnormal lymphocytes is cer- 
tainly of great importance in the diagnosis. In- most cases, however, 
it seems that the lymphocytosis is apt to reach a much higher per- 
centage (95 per cent.) than it usually does in aplastic anemia, in which 
the lymphocytes are normal small lymphocytes. If there is a very 
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It seems most reasonable to assume that the aplasia of aplastic 
anemia is caused by some unknown toxin or altered physiologic 
activity, acting on the whole bone marrow, the red cells being first 
attacked, the platelets being relatively later involved as evidenced by 
the hemorrhages occurring after the anemia has been present for some 
time. But in purpura hemorrhagica . the platelets seem to be first 
affected by a specific toxin, so that the hemorrhages begin to occur 
before the anemia, which is, in many instances, chiefly referable to loss 
of blood. In other instances, the unknown toxin may eventually act 
directly or indirectly to cause partial or complete aplasia or exhaustion 
of the marrow. In those cases of purpura hemorrhagica which have 
been considered intermediate between purpura hemorrhagica, and 
aplastic anemia, we may conceive of the “toxin” of such a nature that 
besi'des involving the activity of the megakaryocytes, it has also, to a 
certain extent, impaired the activity of either or both the red and white 
cell elements of the marrow. 

One need not conceive of a toxin at work to destroy the marrow 
in such symptomatic cases of purpura hemorrhagica as those due to 
leukemia, marrow tumors or pernicious anemia, for here there is, as 
shown by necropsy studies, a displacement of normal cells by abnormal 
ones. 

In many of the cases of chronic disease where depression or 
inactivity of the marrow exists, probably no toxin is at work. In such 
instances we could account for the inability of the marrow to form 
blood elements by supposing a congenital peculiarity of the hemopoietic 
system. Such cases as Predtechensky 32 refers to would be examples, 
and perhaps my Cases 6 and 7. In other instances we may conceive 
that the marrow of the individual has a low ability to withstand an 
attack by a toxin that ordinarily induces no such effect. We might 
perhaps conceive of the marrow depression in some instances resulting 
from disease of some other organ of the body, similarly as we see in 
disease of some of the glands of internal secretion, hyperactivity of 
one depressing the activity of the 'other. There are certain cases 
grouped under the title of splenic anemia without evidence of increased 
blood destruction in which a leukopenia with relative lymphocytosis 
and diminished platelets occur, and in which a purpura hemorrhagica 
develops. Removal of the spleen in such instances seems to inaugurate 
in some manner a stimulation of the bone marrow. One might, as 
Rendu and Widal 33 and others have suggested, consider that some over- 
activity of the spleen caused a depression of the marrow. 

32. Predtechensky. V. E.: Russkv Vrach. 1916. 15 , 313; almr Tour \m 

Med. Assn.. 1916, 67 , 244. * 

33. Rendu and Widal: Bull. med. Soc. d’hop.. 1899. 3, 52-?. 
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splenic anemia, in which the enlargement of the spleen is greater and 
precedes the anemia, which in turn becomes quite evident as a rule 
before the purpuric symptoms appear in these cases. 

REPORT OF CASES 

The following selected, briefly summarized cases serve to show 
examples of some of the conditions referred to in the text. Case 
reports of the five cases of typical aplastic anemia studied are not 
given, as such cases are discussed in the text and the reported cases ' 
are entirely similar. These five cases occurred in girls between the 
ages of 9 and 19. Three cases came to necropsy and showed the 
typical fatty and often serous degeneration of the marrow, with either 
very few or no marrow cells left. Some showed a blood picture of 
very severe aplasia. Others, though typical aplastic anemia, showed a 
few young red cells and the lymphocytosis was not high (45 to 60 per 
cent.), indicating that a little regenerative power of the marrow was 
left. . x 

In the cases given below the complete findings are not given, but 
only the essential and important ones: Blood cultures and W assermann 
reactions were negative in all. 

Case 1. — (W. M. 207893). An, aaite idiopathic purpura hemorrhagica with 
fatal course. It is entirely similar to the one referred to in the text in which 
necropsy showed a normal or slightly hyperplastic marrow. 

A girl, aged 15, entered the hospital April 19. The history is negative except 
for the following: Seven weeks before entrance a tooth was pulled. After this 
there was oozing of blood from the tooth socket for two weeks. Four weeks 
before entrance her nose began to bleed and bleeding from the gums recurred. 
During the previous two w,eeks there had been excessive vaginal flow, and for 
about the same length of time purpuric eruption on the body. She had grown 
steadily paler and weaker. The patient died, April 27. While in the hospital 
blood oozed from all mucous membranes of the body. Only slight temporary 
improvement followed transfusion of 400 and 600 c.c. of blood.. It is noteworthy, 
however, that as in the previously reported case/ 0 the purpuric skin lesions 
decreased markedly after transfusion and no new lesions appeared, though there 
was only temporary influence on the hemorrhage from the mucosae. Physical 
cxmnination revealed nothing additional of interest. The temperature fluctuated 
98 to 101 or 100 to 103 F. each day. 

Blood : The platelets were always very rare, or rare . and of a small or 
normal type. There was no evidence of stimulation of these elements after 
transfusion. The coagulation time was normal, the clot nonretractile and soft. 
The bleeding time was much prolonged (often over one hour), though tempor- 
arily shortened after transfusion (three to eight minutes). The white count 
averaged 8,000, the polynuclears 78 per cent., lymphocytes 21 per cent., eosino- 
phils 1 per cent. Arneth count showed a “left-handed shift.” 

The red count was 1,300,000 to 1,600,000. Hemoglobin 25 to 40 per cent. 
The red cells showed achromia, considerable variation in size and some varia- 
tion in shape. Occasionally a blast was seen. Polychromatophilia and stippling 
were much in evidence. The reticulated cells, chiefly of a knotted type, varied 
from 14 to 3 per cent. The urobilin exceretion was normal. 
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with but little anemia, hemolysis began in 0.44 per cent., and was com- 
* plete in 0.30 per cent, solution. Lenoble 39 refers to a case with decreased 
fragility, that is, increased resistance. In idiopathic purpura hemor- 
rhagica, when anemia exists, it seems that the fragility of the red cells 
to varying strengths of salt solution is of the type seen with acute 
secondary anemia; that is, with an increased maximal resistance, while 
in idiopathic aplastic anemia the maximal resistance seems decreased. 

CLASSIFICATION OF TYPES OF PURPURA HEMORRHAGICA AND ’ 

APLASTIC ANEMIA 

It is possible to conceive that aplastic anemia and' purpura hemor- 
rhagica are not so very distantly related, as also suggested by Frank. 2 
We see pure types of purpura hemorrhagica and of aplastic anemia; 
also all intermediate grades. When we recognize a source for a toxin 
in any type, we call it secondary, while if the toxin or cause is not 
recognized, we call it primary, the blood picture being the same in 
either instance. 

It seems that we can divide, and perhaps in the future shall further 
subdivide, into several groups these conditions involving an unknown 
agent that certainly acts on the marrow in some instances, and may 
perhaps at times act in some" manner specifically on the megakaryocytes 
or only to destroy formed platelets in the circulating blood. These 
groups would appear gradually to merge from one into another. It 
would seem desirable at least to consider cases of purpura hemor- 
rhagica and aplastic anemia in the same general group and not to dis- 
cuss aplastic anemia under “anemias” and purpura hemorrhagica, only 
with the arthritic and other purpuras. 

It seems to me that we can distinguish the following groups of 
cases, all of which have the platelets involved in some manner, and all 
of which occur especially in children and young adults. 

1. Pure aplastic anemia Aplasia of all elements of the mar- 

Duration, weeks; always fatal. row; red cells especially involved. 

2. Purpura hemorrhagica Involvement of platelets only due 

A. Continuous: either to interference with their for- 

Acute or chronic; duration mation, to abnormally rapid destruc- 

few days to months or even tion or a combination of factors; 

years. hyperplastic or normal appearing mar- 

B. 'intermittent or relapsing: row occurs in some instances. 

Duration of attack days or 

weeks. Number of attacks 
two or more, over period of 
months or years. 

Either A or B type may terminate with aplasia or exhaustion of the marrow 
involving all its elements, or at any time appear as intermediate types. In 

59. Lenoble: Arch. d. mal du cocur. 1933, 6, 333. 
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contrast to the red cells seen in the last attack. In this last attack the red cells 
gave some evidence of regeneration as shown by 3 per cent, of reticulated cells, 
a few polychromatophilic and stippled cells, and variation in size of cells, but 
none of the signs of active regeneration were as marked as in the previous 
attack, which is likewise evident from the history given above of a much slower 
disappearance of his pallor. 

■* 

Case 5. — (E. M. 208209.) A case of intermittent intermediate type of purpura 
hemorrhagica. Blood picture suggests some aplasia or exhaustion of not only 
the platelet elements of the marrow , hut also the white cell elements and red 
cell elements. The anemia presented is not wholly explained by hemorrhage. 
The lack of evidence of increased blood destruction, history of the patient , and 
the blood picture suggest that this is not a case of pernicious anemia. What 
part the enlarged spleen plays in the case , the patient being a Greek, is 
problematical. 

A Greek boy, aged 19. Seven years prior to admission the patient had 
painless hematuria for two days; none since. The gums bled at that time and 
he thinks he may have had some “red spots” on his body. At that time he was 
in bed for six months on "account of weakness.” 

The history of his present illness showed that fourteen, eleven and five weeks 
prior to entrance he had a profuse nosebleed and lost at least a cupful of 
blood each time. For the previous five weeks he felt weak and dizzy. There 
was no history of sore mouth, paresthesia, gastro-intestinal symptoms or malaria. 

On entrance, May 5, the physical examination showed pallor, a few small 
purpuric spots on the legs and a palpable spleen (dulness 10% by 16 cm.). 
Otherwise the examination was entirely negative. The patient remained in the 
hospital until May 23, during which time he occasionally had slight epistaxis 
and slight bleeding from his gums, until he was transfused with 850 c.c. of 
blood. May 17, after which he had no more bleeding before he left, May 23. 
Temperature 99 to 98 F. I have unfortunately not been able to obtain any 
trace of this patient since he left the hospital. 

Blood : The platelets were always diminished ; 35,000 on one occasion, 
before transfusion, and 120,000 on discharge. The bleeding time on entrance 
was as much as one hour, usually four to eight minutes. The white count 
varied from 3,600 to 2,100. The polymorphonuclear neutrophils remained close 
to 54 per cent., the remaining cells were lymphocytic of normal type, except 
for an occasional transitional cell. Following transfusion the polymorpho- 
nuclears reached 66 to 60 per cent., but without any appreciable rise in the 
white count. The red cells remained about 1,850,000 and the hemoglobin 45 
per cent. The red cells showed moderate variation in size, some variation in 
shape, some macrocytes, but not of an extreme type and not large oval cells. 
The larger cells .were well filled with hemoglobin; the others showed some 
achromia. Very rarely a stippled or polychromatophilic cell occurred. Only 
one normoblast was seen in nine different examinations. The reticulated red 
cells were never over 2 per cent., except five days after transfusion, when they 
were 3 per cent. They were rarely of a knotted type and usually the reticulum 
consisted of but scattered strands. 

Case 6. — (W. M. 198899.) Congenital continual purpura hemorrhagica. Not 
hemophilia. The circulatory blood platelets were always diminished. Bleeding 
from wounds occurs readily. With a downward fluctuation of the platelets 
they become so few that spontaneous hemorrhage occurs. 

The patient was a boy, now aged 12 years, who .had been studied many 
times. Since he was an infant he had had innumerable attacks of bleeding from 
the nose, throat, gums, rarely gastro-intestinal tract, and purpuric eruptions on 
his skin. In the 'previous two years he had had three mild attacks of bleeding.' 
Whenever he was bruised or cut from even slight injuries he bled very readily 
and in abnormal amounts. There had never been any joint symptoms. Neither 
his brothers nor sisters are “bleeders,” nor is there any history of “bleeders” 
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purpura hemorrhagica is not infrequent; for example, Bauch 40 (1916)' 
entitles an article, “Three Cases of Purpura Hemorrhagica in Chronic 
Tuberculosis.” None of these cases had diminished blood platelets; 
they resemble more cases of arthritic purpura. These cases are not 
like the cases of purpura hemorrhagica in luberculosis described by 
Bensaude and Rivet 41 in 1906. 

2 . Hemophilia. — In hemophilia the blood platelets are in normal 
numbers or slightly increased, though they are physiologically and 
qualitatively defective, as pointed out by Fonio, 42 and Minot and Lee. 43 
The differential diagnosis between hemophilia and purpura hemor- 
rhagica has been recently discussed by Hess 22 and Minot and Lee. 43 
In hemophilia the coagulation time and prothrombin time of the blood 
is nearly always much delayed; in purpura hemorrhagica these times 
are rarely more than slightly delayed, and are often normal. The blood 
clot in hemophilia retracts in normal fashion, while in purpura hemor- 
rhagica it does not. The bleeding time in hemophilia is essentially 
normal, in contrast to the delay, often marked delay, seen in purpura 
hemorrhagica. It is to be noted, however, that the chronic types — 
especially the congenital types of purpura hemorrhagica — are usually 
incorrectly diagnosed as hemophilia. When one hears of a diagnosis 
of hemophilia in females, probably the correct diagnosis is purpura, 
hemorrhagica, as true hemophilia occurs only in males. Females of 
hemophilic families may, however, present this chronic type of purpura 
hemorrhagica. It seems that the chronic type of purpura hemorrhagica 
is probably more common than is usually recognized ; and also that the 
conditions involving varying degrees of bone marrow insufficiency are 

probably more common than one would be led to believe from text- 

* • ■* 

books and the literature. It is quite frequent to have one’s attention 
first attracted to these conditions by removal of teeth or minor opera- 
tions on the nose and throat. With unexplained hemorrhage one 
should always ascertain the number of platelets and the ability of the 
clot to retract. 

3 • Nonleukemic Phase of Leukemia — Purpura hemorrhagica and 
aplastic anemia are undoubtedly frequently confused with the rion- 
leukemic phase of leukemia, when such a case presents anemia and 
purpura hemorrhagica as symptoms. The resemblance and the differ- 
ential diagnosis between these two conditions do not seem to be com- 
mented on in most textbooks, though Hastings/ 4 Lavenson/ 4 and 

40. Bauch: The Archives Iht. Mfjd., 1916, 17 , 444. 

41. Bensaude and Rivet: Presse med., 1906, 14, 469. 

42. Fonio: Cor.-Bl. f. schveiz. Aertze, 1915, 45, 1505. 

43. Minot and Lee: The Archives Int. Med., 1916, IS, 474. 

44. Hastings: Am. Jour. Med. Sc., 1905, 129 , 787. 
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54 per cent, of which were abnormal appearing large lymphocytes, some of 
odd types. 

Dr. Wright’s important necropsy findings were as follows : A raspberry red 
marrow which microscopically showed a marked infiltration with cells of the 
lymphocytic series. There were but few of the normal cells of the marrow, 
and very rarely was a giant cell found. Other organs of the body also showed 
infiltrations with cells of the lymphocytic series. 

188 Marlborough Street. 
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high percentage of lymphocytes in aplastic anemia the red cells are 
markedly aplastic in character, while with a similar percentage of 
lymphocytes in a leukemic condition, with a low white count, the reds 
almost always show some evidence of regeneration. Those cases show- 
ing blood of aplastic character with lymphoid marrow are probably 
very rare. Some of these may be cases of “lymphoid” leukemia of 
myelogenous origin in the nonleukemic phase. 

4 . Bone Marrow Tumors, Osteosclerosis . — Bone marrow tumor, 
’primary, or metastatic, may be the proper diagnosis in a case when 

anemia and purpura hemorrhagica are the presenting symptoms. The 
clinical history, physical examination, Roentgen-ray findings and the 
occurrence of Bence-Jones protein in the urine in myeloma are of 
great help in distinguishing such cases from idiopathic purpura hemor- 
rhagica. • The blood picture may be quite similar, but the presence of 
abnormal cells, plasma cells, tumor cells, should they occur in the 
peripheral blood, may suggest the diagnosis. In such cases the liver 
and spleen may revert to their embryonic state so that hematopoiesis 
occurs in these organs. I am inclined to believe, especially from Dr. 
Wright’s necropsy studies, that this does not occur in those idiopathic 
conditions we call aplastic anemia and purpura hemorrhagica. 

5 . Pernicious Anemia . — The diagnosis of pernicious anemia from 
aplastic anemia is usually simple. If, however, a case of pernicious 
anemia is first seen towards the ends of the disease when the bone 
marrow is exhausted, the blood may present a picture resembling that 
of idiopathic aplastic anemia. The history of remissions, of sore 
tongue, of symptoms of spinal cord involvement, of a skin colored to 
suggest increased red cell destruction, would all strongly suggest per- 
nicious anemia and not idiopathic aplastic anemia. The blood picture 
in those cases of pernicious anemia that become of an aplastic nature 
will show leukopenia, lymphocytosis and few platelets, but one should 
note that the color index tends to remain high, and very abnormal 
shaped and large cells, though perhaps few, are found, rather than the 
much more normal looking cells seen in true, idiopathic, aplastic anemia. 

6 . Splenic Anemia -. — As has been pointed out before, some cases of 
splenic anemia presenting few blood platelets with their anemia and 
no, or slight, evidence of increased red cell destruction, may be per- 
haps quite closely related to types of purpura hemorrhagica. In fact,' 
if it was not for definite, often marked, enlargement of the spleen, 
and, later in the disease, enlargement of the liver, some cases would 
be indistinguishable from types of purpura hemorrhagica. Our Oise 5. 
called an intermediate type of purpura hemorrhagica, shows a slightly 
enlarged spleen, and such a case may well represent a type intermediate 
between those cases called purpura hemorrhagica and those called 
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Cerebrospinal 
Fluid Yield, 
Per Cent. 


By vacuum and heating 10 

By acid and heating in vacuo 50 

Difference, representing carbon dioxid in 

stable combination 40 


Lymph and Serum 
Yield, by Volume, 
Per Cent. 

46 

50 

4 


Mott has interpreted these findings to indicate that the carbon dioxid 
is in more stable combination in the spinal fluid than in the blood. A 
careful analysis of his procedures, however, throws doubt on the 
validity of these conclusions. Mott does not give any information 
about the time elapsing between the withdrawal of the fluid and the 
determination of its content of carbon dioxid, and his data are insuffi- 
cient to show whether the 10 per cent, of cSrbon dioxid per volume 
obtained by heating in vacuo was more readily or less readily released 
from the spinal fluid than the 46 per cent, by volume from the blood 
serum. If, as seems likely from a consideration of the lesser viscosity 
of the spinal fluid as compared with the blood, this 10 per cent, of car- 
bon dioxid is more subject to escape by diffusion from the spinal fluid, 
it would have a greater influence on the reaction of this fluid than the 
more slowly liberated carbon dioxid from the viscous blood serum. It 
is possible, also, that a major portion of the unstable carbon dioxid of 
the spinal fluid had escaped before Mott’s determinations were begun. 
The final factor in the relationship between the reaction of the blood 
and spinal fluid must depend largely on the possibility of an inter- 
change of free hydrogen ions between these fluids. In view of the 
great diffusibility of the hydrogen ion, it does not seem likely that the 
choroid plexus and the vascular meninges would obstruct the passage 
of this ion from the blood into the spinal fluid. Since, therefore, the 
previous studies on the physical and chemical constitution of the spinal 
fluid and blood lead to the supposition that the reaction of these fluids 
should be approximately equal, any reports which point to an opposite 
conclusion require investigation. 

In recent communications, Hurwitz and Tranter, 6 and Weston, 7 
say that the hydrogen ion concentration of the spinal fluid averages 
S. 11, while that of the blood serum, as is well known, ranges normally 
from 7.6 to 7.8. These authors determined the pH by the colorimetric 
method of Levy, Marriott and Rowntree, applying the test directly to 
the spinal fluid and to the dialysate of this fluid. Hurwitz and 
Tranter, relying on Mott’s statement about the stability of the com- 
binations of carbon dioxid in the spinal fluid, apparently made no 
effort to estimate the hydrogen ion in fluids immediately on their 
withdrawal from the body, when the interval of time would have the 

6. Hurwitz, S. H., and Tranter, C. L. : The Archives Int. Med., 1916, 17 , 828. 

7. Weston, P. G. : Jour. Med. Research, 1917, 35, 367. 



MINOT— MARROW INSUFFICIENCY 


1081 


Case 2.— (E. M. 184907). A case of idiopathic intermittent purpura hemor- 
rhagica. Death in the second attack. No signs of depression in the red or 
white elements of the marrow. 

Man, aged 33; entered hospital September 12. Four years prior to entrance 
the patient had an attack, lasting about three weeks, of bleeding from the mucous 
membranes, with purpuric spots on the skin. Eight years previous to entrance 
he had abdominal pain, diagnosed as plumbism. Nine days before entrance 
bleeding began from the nostrils, three days before from the gums, and in the 
previous two days there had been blood in the urine. For a week there were 
purpuric spots on the skin. 

The patient, growing progressively more anemic, died October 14. Recurring 
crops of purpuric spots occurred on the body, with fluctuations in the intensity 
of the bleeding from all mucous membranes. The patient was not transfused. 
Physical examination never revealed any abnormalities except anemia and hemor- 
rhages and a functional systolic murmur. The temperature during the first week 
was 103 to 105 and in later weeks 98 to 100 F. 

The blood examination revealed practically the same findings as in Case 1, 
except that the coagulation time was eighteen minutes. (Normal being five to 
ten minutes.) 

Case 3. — (W. M. 197121). Secondary (f) acute purpura hemorrhagica with 
recovery. Especially interesting because of the fact that ivy poison may well 
have been the toxin responsible for the diminution of platelets. 

A woman, aged 25, entered the hospital August 15, with evident severe 
dematitis venenata of five days’ duration, due to poison ivy. August 13 a few 
purpuric spots appeared on the body and increased in number until August 16, 
when they rapidly left and tvere essentially gone by August 19. August 14 and 
15 there was slight oozing from the gums and nostrils and blood was found in 
the stools and urine on the 15th. The physical examination was negative except 
for the findings noted above. Temperature 99 to 100 F. The patient remained 
well during the two years following the purpuric attack just described. 

Blood: The red count, hemoglobin and red cells were normal. The white 
count, 12,000, and polynuclears 72 per cent.; the other white cells were chiefly 
normal, lymphocytes. The platelets numbered 40,000 August 15, and 176,000 
August 18. The coagulation time, August 15, was very slightly delayed, but the 
clot was nonretractile and exhibited the reclotting phenomena. 

Case 4. — (Private Case). Idiopathic intermittent purpura hemorrhagica. 
Depression of the white cell elements of the marrow and probably of the red 
cell elements in the sixth attack. No evidence of white or red cell depression in 
previous attacks. 

Man, aged 28; the man had good health until five years prior to being seen, 
when five days after removal of his tonsils he bled profusely from his mouth 
and nose for three days. In the course of seven years he had six attacks of severe 
bleeding from his gums and nose lasting three to twelve days. Once a few red 
cells were found in his urine and a few purpuric spots appeared on his body. 
The patient was seen in the fourth and sixth attacks. Following each attack a 
considerable pallor developed. His color became normal about four weeks after 
each attack except after the last one. Following the fourth attack the red cells 
rose from 2,700,000 to 4,800,000 in three weeks, but following the last attack the 
reds rose only from 2,800,000 to 3,700,000 in eight weeks. The patient himself 
noted that he did not regain his color as easily as after his previous attacks. 
Unfortunately, he has been lost track of. In both attacks the platelets were very 
scarce, increasing as the bleeding ceased. They were normal in numbers when 
twice observed between attacks. In the fourth attack the white count was 14,090 
and the polynuclears 78 per cent., in contrast to counts close to 5.000 and poly- 
nuclears 50 per cent., with practically all the other white cells small lymphocytes 
in the sixth attack. The red cells in the fourth showed 13 per cent* of reticu- 
lated cells and the other evidences of a very active regeneration of red cells, in 
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It had been thought that the colloidal gold reactions were related 
to the hydrogen ion concentration of the spinal fluid. These studies 
soon demonstrated that the precipitation of the gold solution was inde- 
pendent of the reaction of the spinal fluid. 

Refractometry was carried out on all the specimens, using an Abbe- 
Pulfrich direct reading refractometer. With this instrument, the 
refractive index of normal and pathologic fluids ranged within such 
narrow limits (1.3348 to 1.3351) that it could not be used as an aid to 
diagnosis. 

TECHNIC 

In order to determine definitely the reaction of the cerebrospinal fluid under 
conditions most closely approximating its state in the body, the tests were 
applied to the fluid as soon as it was withdrawn by lumbar puncture from the 
spinal canal. The hydrogen-ion concentration was deterimned by the colori- 
metric method of Levy, Rowntree and Marriott, 11 directly in the spinal fluid 
and in its dialysate. The colorimeter used was a standardized instrument pre- 
pared by Hynson, Westcott and Dunning under the direction of Dr. Marriott. 
The pipets and other glassware employed in the tests were thoroughly cleaned 
and rinsed in triply distilled water. Throughout these tests, tubes of non-sol 
glass were used, and the water employed was always triply distilled from barium 
hydrate in the second distillation. The collodion sacs for dialysis were made 
of Anthony’s negative cotton, carefully prepared and tested for leakage. 

The procedure was as follows: The spinal fluid was allowed to run from 
the lumbar puncture needle directly into a large, hard glass test tube and from 
this it was pipetted into the standard non-sol test tube, 10 mm. inside diameter, 
for use in the colorimeter. To 1 c.c. of spinal fluid was added 0.1 c.c. of 0.01 
per cent, phenolsulphonephthalein in triply distilled water, and this was com- 
pared at once with the color standards. The dialysis was performed immedi-. 
ately on 1 c.c. of the cerebrospinal fluid in the collodion sac against 3 c.c. of 
0.8 per cent, solution of pure sodium chlorid. After ten minutes, 0.3 c.c. of 
the indicator were added, and the mixture transferred to a tube of the proper 
size for the slot in the colorimeter. The alkaline reserve (RpH) was deter- 
mined according to the method of Marriott, 12 by bubbling through the mixture, 
of spinal fluid and indicator, air purified by passage through sulphuric acid, 
barium hydrate and calcium chlorid. When a constant color was obtained a 
reading was taken, from which the alkaline reserve (RpH) was calculated. 

Blood was drawn from the arm vein of the patient as soon as the lumbar 
puncture was completed. Estimations of the hydrogen ion concentration and 
reserve alkalinity of the blood serum were made, usually within six hours, by 
the same colorimetric method as that used with the spinal fluids. The inevitable 
delay in the determinations of the pH of the blood probably accounts for the 
somewhat low readings which we obtained with these specimens. 

In these procedures there are several sources of error. The dif- 
ference between the shade of color produced when fresh spinal fluid 
is added to phenolsulphonephthalein and the color standard, makes the 
comparison somewhat difficult. The- fluid assumes an orange tint 
which has no exact match in the standard tubes. The color intensity, 

however, allows an approximate comparison to be made. This orange 

- . , — 

11. Levy, R. L., Rowntree, L. G., and Marriott, W. McK. : The Archives 
Int. Med., 1915, 16 , 389. 

12. Marriott, W. McK.: The Archives Int. Med., 1916, 17 , 840. 
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in his mother’s or father’s family. He had measles at the age of .6, with severe 
hemorrhagic symptoms. 

The physical examination had never revealed anything noteworthy beyond 
the purpura. 

Blood: During five attacks, between 1910 and 1916, the platelets were 13.000 
to 50,000. Between attacks the platelets have always been definitely diminished 
(100)000 to 200,000) though not as low as during attacks. The bleeding time 
has been delayed with the attacks and often slightly delayed (four to seven 
minutes) between attacks. The coagulation time has usually been normal, occa- 
sionally slightly delayed. The white count has been 25,000 to 8,000, higher after 
hemorrhages. Two observations between attacks showed 8,000 to 14,000. The 
polynuclear have varied from 78 to 53 per cent. The other white cells 
have been chiefly small lymphocytes with no abnormal types of white cells. 
The red count has varied from 2,500,000 following severe hemorrhage to 4,800,000 
some months after the last attack. The red cells have appeared normal, or 
when anemia was present they have been of the type seen' with posthemor- 
rhagic anemia. 

Case 7. — (W. M. 165399.) Another case of the continual chronic type of 
purpura hemorrhagica either congenital or acquired as a young child. Has been 
observed especially by Dr. Roger I. Lee over a period of seven years. This 
case appears to belong to the intermediate group. 

The patient was a woman aged 26. She presented most of the time, some 
symptoms of purpura hemorrhagica, with diminished blood platelets. She had 
had numerous attacks of bleeding. 

There had been frequently found a leukopenia, usually 3,000, the white count 
reaching 6,000 to 7,000 after severe hemorrhages. The polynuclears fluctuated 
between 43 and 68 per cent., the other cells being chiefly normal small 
lymphocytes. 

There had been a. chronic, though often slight fluctuating anemia. 

This case suggests a greater involvement of white and red cell elements 
of the marrow than is seen in Case 6 and may possibly be a type of .congenital 
insufficiency of the marrow involving the megakaryocytes especially, the white 
cells somewhat, and the red cells in a less degree. 
i Case 8. — (W. M. 209500.) A case of leukemia in the nonlcukemic phase as 
shown by the necropsy findings , the diagnosis being made in life by slight 
enlargement of the lymph nodes and spleen and by the very high lymphocytosis 
with many abnormal lymphocytes. The purpura hemorrhagica is secondary. 
The diminution of platelets is due to the crowding out of the giant cells of 
the marrow by laikcmic cells. 

A boy, aged 7 years, began six weeks prior to entrance to lose his appetite 
and to tire easily. Weakness with night sweats have gradualy increased since 
and he had grown increasingly pale in the previous four weeks. During the 
previous week his neck had been swollen and he had had a sore throat, with 
hemorrhages from his mouth and nose, in the previous three days. 

Physical examination showed a pale, poorly nourished boy. with a few pur- 
puric spots, and hemorrhages from his nose and mouth. The tonsils were 
large and buried; tongue and mouth foul with crusts and exudate: cervical 
lymph nodes the size of beans and peas; inguinal and axillary nodes easily 
palpable. The spleen was felt 2 cm. below the ribs. Temperature 103 to 
105 F. The patient died three days after entering the hospital. 

Blood: Red count 2.000.000 to 1.200.000; hemoglobin. 40 to 50 per cent.? 
The red cells showed moderate achromia, some variation in size, slight variation 
in shape, an occasional polychromatophilic and stippled cell, and rarely a blast ; 
reticulated cells 4 per cent. The platelets were very few. The white count wa? 
3.400 to 4.200 : the polymorphonuclear neutrophils 3 to 4 per cent. ; rarelv a mast 
cell. The remaining 95 per cent, of the white celk were lymphocytes, some 
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emphasizes the necessity of determining the reaction of the fluid as 
soon as it is obtained, and at the same time explains the false values 
found by Hurwitz, Tranter and Weston. 



Hrs. 1/2 1.2 3 4 5 


Chart 1. — Spinal Fluid 29-B. Curve shows the increase in alkalinity of 
spinal fluid kept for five hours in a test tube closed with a cork stopper. 



Hrs. 1/2 1 2 34 5 

Chart 2. — Spinal Fluid 21-B. This curve shows the increase in alkalinity 
of the fluid after its withdrawal. The fluid was exposed to the atmosphere of 
the laboratory at irregular intervals for varying lengths of time. The change 
in the reaction occurred according to a correspondingly irregular curve. 


THE REACTION OF THE CEREBROSPINAL FLUID 

PRELIMINARY REPORT ON HYDROGEN-ION CONCENTRATION AS DETER- 
MINED BY THE COLORIMETRIC METHOD * 

LLOYD D. FELTON, M.D., R. G. HUSSEY, M.D. 

AND 

S. BAYNE-JONES, M.D. ' 

BALTIMORE 

The chemical and physical constitution of the cerebrospinal fluid 
does not furnish any basis for the conception that the reaction of this 
fluid might be different from that of the blood. The inorganic com- 
ponents, 1 chiefly chlorids, phosphates, and carbonates, occur in almost 
identical amounts in both the blood serum and cerebrospinal fluid. 
The organic constituents 2 vary considerably, but are generally less in 
amount . than similar substances in the blood, and the presence of 
amphoteric amino-acids and proteins would tend to preserve a neutral 
reaction in this fluid, as emphasized by Robertson. 3 The quantities of 
these substances, however, do not indicate their influence on the reac- 
tion of the fluids in which they occur. Their molecular concentration 
and ionic dissociation are the important factors. Even the physical 
properties are approximately the same in both the spinal fluid and 
blood serum. As measured by cryoscopy, the blood serum (Ham- 
marsten 1 ) causes a depression of the freezing point of A = 0.551 C. 
to 0.561 C. ; the spinal fluid, 4 A = 0.566 C. The normal spinal fluid 
is equally isotonic with blood serum when tested against red blood 
corpuscles. In this case, as in that of all body fluids, the hydrogen 
ion concentration is most intimately related to the dissociable carbonic 
acid contained in the fluid. The following tabulation, quoted from 
Mott, 3 gives the generally accepted data on the carbon dioxid content 
of the spinal fluid. 

* Submitted for publication March 7, 1917. 

♦From the Laboratory of Bacteriology and Immunology, Department of 
Pathology. Johns Hopkins Hospital. 

1. Hammarsten: Physiological Chemistry, p. 262. Landau. A., and Halpern. 
M.: Biochcm. Ztschr., 190S. 9, 72. Zdarek, E.: Ztschr. f. phvsiol. Chem. 190? 
35, 201. 

2. Cullen, G. E.. and Ellis. A. \V.: Tour. Biol. Chem.. 1915. 20, 511. 

3. Robertson, T. B.: Univ. Calif. Pub. in Physiol.. 1909. 3, 151. 

4. Polanyi, M. : Biochem. Ztschr.. 1911. 34, 2*05. 

5. Mott, F. W. : Lancet. London. 1910. 2, 1 and 79. 



TABLE 3. — Results of Cerebrospinal Fluid Tests in Senile-Normal Class 


Case No, 

Diagnosis 

Spinal Fluid 

Blood- Serum 

Rene. (Immcd.) | 

RpH 

Cells 

Globulin 

Wasser- 

mann 

Reac- 

tion 

Colloidal 

Gold 

pH 

RpH 

Wasser- 

mnnn 

Reac- 

tion 

pH 

before 

Dial. 

pH 

after 

Dial. 

1 



ns-T 

Hemiplegia (old); arteriosclerosis... 

7.7 

7.65 

8.G 

H 

' 

+ + 


0 

0X1221000 

7.65 

8.4 

0 

05-G 

Amyotrophic lateral sclerosis 

7.S 

7.G 

8.6 

i 1 

+ 

+ 

6 

012221000 

i 

7.8 

8.6 

0 

5G-P 

Hemiplegia (2 mo.); mitral ihsufL. . 

7.8 

7.6 

8.4 

i. 1 

++ 

+++ 

0 

001111000 

. 

j 

... 

0 

57-T 

Friedreich’s ataxia 

7.8 

7.7 

8.1 

mm. 

+ 

++ 

0 

001100000 f 

7.75 

8.6 

0 

58-D 

Paget's disease | 

7.75 

7.7 

8.4 

2 

+ 

± ! 

0 

001111000 

7:75 

8.4 i 

0 

59-B 

Chr. bronchitis; arteriosclerosis 

7.8 

7.75 

8.G 

3 

+ 

++ 

0 

012221000 

s.o 

8.2 

0 

60-0 

Asthma, cardiorenal 

mem 

7.7 

8.0 

3 

4* 

i ++ 

0 . 

001110000 

7.85 

8.4 

0 

Gl-D 

Chronic alcoholism 


7.G5 

8.0 

5 

+ 


0 

111110000 

7.85 

8.6 

0 

62-F 

Chr. arthritis; arteriosclerosis 


7.0 

8.4 

2 

++ 

+ 4- 

0 

111110000 

7.0 

8.6 

0 

63-S 

Paramyoclonus 

7.8 

7.5 

8.6 

3 

+4* 

++ 

0 

000110000 

... 

... : 

0 

61-K 

j Cerebral arteriosclerosis 

7.75 

7.7 

... 

X 

+ 

+ 

0 

000122210 


... 

0 

G5-E 

Arteriosclerosis 

7.G5 i 

7.65 

8.6 

2 

. 

++ 

4* 

0 

0 00000000 

7.8 

8.4 

0 

CG-S 

Chr. infect, arthritis 


7.6 

8.4 

3 

+ 

4* 

0 

001110000 

7.9 

8.4 

0 

G7-W 

Hemiplegia (several years) 


7.7 

8.6 

2 

+ 

-4~ 

0 

001111000 

7.85 

8.2 

0 

GS-B 

Arteriosclerosis; aortic insufT 

HSi 

7.7 

8.6 

6 

++ 

+4*+ 

0 

001222000 

7.85 

8.4 

0 

G9-H 

Lateral sclerosis 

'mSm 

7.6 

8.4 

5 

+4- 

++++ 

0 

112232100 

7.85 

S.2 

0 

70-L 

Chr. infect, arthritis 


7.65 

8.4 

2 

+ 

4* 

0 

012210000 

7.9 

8.6 

0 

71-B 

Paralysis agitans; Dercum’s dis 


7.65 

8.6 

5 

4- 1 

i 

4~ 

0 

011111000 

7.65 

8.4 

0 

73-B 

Chronic arthritis 



8.6 

5 



0 

1X1110000 




75-S 

Syringomyelia : 

■II 

H 

8.6 

G 

+ : 

4- 

1 

o : 

111110000 

■ 

8.4 

0 

76- W 

Arterioscl.; hemiplegia (recent) 

IH 

Hi 

8.4 

3 





■ 
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least influence on the escape of the carbon dioxid. Weston states 
plainly that his determinations were made on “cerebrospinal fluids sent 
to the laboratory for the usual routine tests.” As we will show later, 
it is absolutely necessary to carry out the determination on the fluid 
as soon as it is withdrawn from the spinal canal in order to obtain an 
estimation of the true reaction. 

These authors quote the work of Bisgaard, S. * * 8 as a substantiation of 
their findings. An analysis of Bisgaard’s statements, however, does 
not permit this interpretation. Using a borate mixture with phenol- 
phthalein as an indicator, Bisgaard determined the pH on two spinal 
fluids immediately on withdrawal of the fluid. On page 62 of his 
report he writes : 9 “Both spinal fluids proved to be more acid than the 
most acid borate mixture (5.7 borate -f- HC1), viz., pH 8.10.” On 
page 64 he concludes : 10 “The hydrogen ion concentration of the spinal 
fluid is greater than the value of pH — 8.10.” He thus deary states 
that the spinal fluid was more acid than his borate mixtures, and' that 
he was unable by this method to determine the exact reaction. He 
also noted that after these same fluids had stood for three hours, the 
reaction became progressively alkaline, becoming a little over 8.1. 

METHOD OF STUDY 

The results on which our report is based were obtained by a study 
of a series of cases at the city hospitals, Bay View Hospital, and at 
the Johns Hopkins Hospital. In order to classify these spinal fluids 
more definitely than was permitted by the clinical diagnoses of the 
cases, they were subjected to the following tests: cell count, globulin- 
albumin content, Wassermann reaction, colloidal gold test, and refrac- 
tive index. As- will be seen from the cases 'listed in our tables, a large 
number of them were psychiatric patients. These tests, however, gave 
the most positive evidence obtainable that the spinal fluids of many of 
these patients were normal. On this basis- we have classified as normal 
only those fluids haying a cell count below ten, a negative or slightly 
positive albumin-globulin test by the Ross-Jones and Pandy methods, 
a negative Wassermann reaction, and only slight changes in the color 
of the gold solution in Lange’s colloidal gold test (Table 2). By these 
tests the spinal fluids from epileptics were found to be normal. These, 
however, were grouped in a separate table (Table 4) for the sake of 
convenience. Other spinal fluids were placed readily in the pathologic 
categories, of which these tests are the most reliable criteria. 

S. Bisgaard, A.: Biochem. Ztschr., 1914. 58, 1. 

9. Beide Spinalfliissigkeiten erwissen sich dadurch saurer als die saurerste 

Boratmischung (5.7 Borat -f HC1), d, h, pH 8.10. 

10. Die Wasserstoffionkonzentration der Spinalfiussigkeit ist grosser als die 

dem Werte pH = 8.10 entsprechend. ’ 



TABLE 5. — Cerebrospinal Fluid in Syphilis 


Case No. 

Diagnosis 

Spinal Pluid 

Blood-Serum 

Reac. (Immed.) 

RpH 

Cells 

Globulin 

Wasser- 
mann 
Reaction, 
per Cent. 
+ 

Colloidal 

Gold 

PH 

RpH 

Wasser- 
mann 
Reaction, 
per Cent. 
+ 

pH 

before 

Dial. 

pH 

after 

Dial. 


Pandy 

1-A 

Paresis 

7.S 

7.7 

8.2 

13 

+ 

± 

25 

332211000 

7.7 

8.0 

50 

13-B 

Cerebrospinal syphilis 

7.75 

7.75 

8.0 

76 

++ 

++ 

100 

555433100 

7.7 

... 

100 

20-31 

Paresis 

7.95 

7.9 

8.4 

14 

+ 

+ 

100 

555311100 

7.8 

... 

100 

28-P 

Paresis 

7.9 

7.8 

... 

17 



100 

555543100 

K 


100 

29-B 

Paresis 

1 

7.7 

... 

21 

++ 

++ 

100 


1 


100 

30-V 

Paresis 


7.7 

... 

19 

+++ 

+++ 

100 

555555543 

I 


100 

32-0 

Paresis 

ill 

7.7 

... 

16 

++ 

++ 

100 

3333+44321 

wm 


100 

72-0 

Arteriosclerosis; hemiplegia (old).. . 

1 ■' 

7.7 

S.O 

12 

+++ 

+ + 

100 

444443210 

7.75 

. 8.4 

100 

•1-S 

Dementia praecox; syphilis 

8.2 

7.7 


0 

0 

0 

50-75 in 

112221000 

8.0 

8.2 

0 

31-P 

Cerebrospinal syphilis 

7.8 

7.7 

... 

4 

0 

0 

1 c.c. 

35? 

001110000 

7.8 


100 

34-T 

Paresis 

7.8 

7.7 

... 

19 

+ 

++ 

100 

3333+44321 

7.8 

. . • 

100 

38-W 

Cerebrospinal syphilis 

7.8 

7.8 

... 

48 

++ 

++ 

100 

000233321 

7.8 

. • * 

100 

51-B 

Cerebrospinal syphilis 

7.8 . 

7.75 

8.4 

18 


H — h 

50 in 

012332100 

7.75 

8.6 

100 

5-K 

Alcoholism 

7.9 

7.4 

S.2 

G 

0 

o' 

Yt c.c. 

0 

1122211100 

7,65 

S.l 

75 

12-K 

Syphilis; imbecile - 

7.8 

7.7 

8.0 

4’ 

± 

0 

0 

011110000 

7.75 


75 

16-P 
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tint is due to the high content of carbon dioxid in the spinal fluid; it 
disappears as the carbon dioxid escapes, and reappears on the subse- 
quent addition of carbon dioxid to the fluid. Another source of error 
is introduced when the spinal fluid is allowed to drop through the air 
from the lumbar puncture needle and is subsequently pipetted from 
tube to tube. This exposes a great surface area of the fluid to a 
gaseous medium in which the carbon dioxid .tension is less than that 
within the body. It is obvious, therefore, that a rapid escape of carbon 
dioxid will occur at once. The tendency of this loss of carbon dioxid 
is to render the fluid more alkaline. 

To demonstrate the changes in the reaction which occur after the 
fluid has been withdrawn from the body and allowed to stand in con- 
tact with the air, determinations were made at short intervals during 
six hours. The results of these experiments are summarized in Table 1 
and illustrated graphically by Charts 1 and 2. 


TABLE 1. — Effect of Exposure to Air on Reaction of Spinal Fluid 


No. 

pH 

Imme- 

diate 

Hours After Fluid Obtained 

% 

% 

% 

H 

1% 

2 

• 3 

* 

5 

6 

21 

7.9 

m 

8.0 

B 

8.0 

■ 

8.1 

8.2 

8.5 

8.6 


29 

7.7 

7.75 

... 

1 

7.85 

' 1 

8.0 

8.1 

8.2 

8.3 


31 

7.8 

7.8 

7.9 

7.9 

7.9 

.7.95 

8.0 




8.6 

32 

7.75 

. 7-J5 

7.8 

7.85 

7.85 

7.95 

8.1 



... 

8.0 

33 

7.75 

7.75 

7.75 

7.8 

7.8 

7.9 

7.95 

... 



8.6 

34 

•7.S 

7.8 

7.3 

7.9 

7.9 

7.95 

8.0 




8.0 

35 

7.7 

7.7 

■ - 

7.8 

... 

7.8 ’ 

8.0 

. ... 



8.6 

36 

7.75 

7.75 


7.9 

... 

7.95 

7.95 

... 



8.6 

37 

7.75 

7.75 

1 

7.85 

... 

7.9 

8.1 




8.5 

33 

7.8 

7.8 

■ ";r> 

.7.95 

... 

7.95 

8.1 




8.4 

39 

7.9 

7.9 


7.9 

... 

7.95 

8.1 




8.4 

40 

7.7 

7.75 

Wm 

7.8 

... 

7.9 

8.0 

... 



8.6 


These tables and graphs show that the reaction becomes progres- 
sively alkaline after the fluid has been drawn. That this increasing 
alkalinity is favored by conditions which permit the ready escape of 
carbon dioxid and the possible absorption by the fluid of alkaline gases 
of the air, such as ammonia, is shown by a comparison of the charts. 
When the fluid is kept in a tube closed by a cork stopper, the reaction 
changes gradually according to the even diffusion of the gases. When, 
however, the cork is removed for a short time at different intervals, 
the reaction changes by sudden stages, as shown by Chart 2. This 
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3. When the hydrogen ion concentration of the spinal fluid is 
determined by the colorimetric method, using phenolsulphonephthalein 
as the indicator, the values obtained are: average pH of the cerebro- 
spinal fluid = 7.7 5, with maximum variations of 7.4 to 7.9. The RpH 
varies from 0.4 to 0.6. 

4. This confirms the work of Bisgaard, in which he states that the 
reaction of the cerebrospinal fluid is more acid than pH — 8.1. 

5. The hydrogen ion concentration of the blood serum and of the 
spinal fluid are approximately equal. 
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RESULTS 

Table 2 summarizes the tests on cerebrospinal fluids considered to 
be normal — having no abnormal reactions. The low hy'drogen ion 
concentration found in Case 7-C was probably due to an error in 
technic, as the reaction of the dialysate of this fluid was pH = 7.75. 
The pH of the other fluids included in this table averaged 7.8; the 
RpH from 0.4 to 0.6; while the pH the RpH of the blood serum in 
these cases averaged, respectively, 7.75 and 0.5 to 0.8. 

Table 3 gives the results of the tests in the cases classifiable as 
“senile-normal,” the fluids having been obtained from patients over 
60 ’years of age. The interesting abnormality in these fluids was the 
presence of an amount of albumin and globulin precipitable by the 
Ross-Jones and Pandy tests without coincident increase of cells or 
decolorization of the colloidal gold. The fluids were otherwise normal, 
and showed approximately the same pH and RpH as the cases com- 
prising Table 2. 

Table 4 contains the group of epileptics. The hydrogen ion con- 
centration df these fluids and the blood serum from these patients 
were 7.65 to 7.8, as in the normal cases. - 

Table 5 contains the results of the tests in twenty-one cases of 
several types of syphilis of the central nervous system, having a posi- 
tive Wassermann reaction in the blood, spinal fluid, or in both. In the 
presence of the increased numbers of cells and abnormal amounts of 
protein in these fluids, the pH varied between 7.7 and 8.2 ; and 7.4 and 
7.9 in their dialysates. This type of pathologic process apparently has 
no influence on the reaction of the cerebrospinal fluid, and hydrogen 
ion concentration here is within normal limits. 

CONCLUSIONS 

These studies allow us to draw the following conclusions: 

1. To obtain the true hydrogen ion concentration of the cerebro- 
spinal fluid it is necessary to test the fluid immediately on its with- 
drawal from the body, avoiding as much as possible exposure to the air. 

2. The colorimetric method for determining the hydrogen ion con- 
centration is found to have certain limitations, due chiefly to the 
peculiar color shades produced by the carbon dioxid content of the 
spinal fluid. Aside from the differences which may exist between the 
values of the pH determined by this method and the gas-chain method, 
the results obtained by the colorimeter have slight inaccuracies, prob- 
ably equivalent to 0.1 when the hydrogen ion concentration lies 
between 7.5 and 7.7. 
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rabbits certainly took a sufficient amount of medicine for it to have 
some influence on the course of the disease. That there was either no 
influence or else an unfavorable one is shown in Table 6. 

COMMENT ON RESULTS 

The results of the experiments reported do not permit one to escape 
the conclusion that in the experimentally induced arthritis of rabbits 
salicylates are not only worthless, but even harmful. To bring these 
results in harmony with the clinically established usefulness of salicy- 
lates in rheumatic fever in human beings several possibilities must be 
considered. 

First, the Streptococcus hemolyticus used in these experiments 
might not have been the strain of streptococcus that is particularly 
susceptible to salicylate. It is well known that not all cases of infec- 
tious polyarthritis respond to salicylate in a specific manner. Some of 
these cases are quite as resistant to it as is gonococcus polyarthritis. 
It may therefore be desirable to repeat the experiment with a variety 
of different strains of streptococci. This is what Davis 1 did, with 
results that were distinctly unfavorable to the salicylate. 

Second, it might be that there is a chemical difference between the 
system of the rabbit and that of man in its relation to salicylate, for 
example, a difference in the hydrogen ion concentration of the tissue 
fluids. If the action of salicylate in rheumatism depended, as has been 
suggested, on the liberation of salicylic acid in the inflamed tissues by 
reason of a high carbon dioxid tension in them, it might be that, owing 
to a greater alkalinity of the rabbit’s tissue fluids, no salicylic acid is 
liberated in case of these animals. It would therefore be desirable to 
compare the reaction of the tissue fluids of rabbits with that of man. 
It would also be interesting to repeat these experiments on some other 
species of animals, such as young dogs or monkeys. 

Third, the action of salicylate in human beings might be merely 
symptomatic, but not really curative. That there are clinicians who 
have this opinion is evidenced by such articles as MenzerV who, on 
the basis of personal observation of 140 patients, arrived at the con- 
clusion that although salicylates may alleviate the symptoms to a 
marked degree, patients so treated are much more subject to recur- 
rences, and in particular to deforming arthropathies, than were t ho 
handled without the use of salicylate. Miller, 3 on the basis of a rathei 
extensive statistical study, concludes that “it would not appear jus i- 


2. Menzer, A.: Dienstunbrauchbarkeit 
Akuten Gelenkrheumatismus nut und ohne Antipyrese, 

h 9 ”: Ac “ ,e Ar,i “ ,ar 

Rheumatism, Jour. Am. Med. Assn., 19 , > 
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roentgenography of the lungs 

ROENTGENOGRAPHIC STUDIES IN LIVING ANIMALS AFTER INTRATRACHEAL 
INJECTION OF IODOFORM EMULSION * 

C. A. WATERS, M.D., S. BAYNE-JONES, M.D. 

BALTIMORE 

AND 

L. G. ROWNTREE 

MINNEAPOLIS 


During the past thirty-two years, Rosenberg’s 1 method of treating 
laryngeal an'd pulmonary tuberculosis by means of intratracheal injec- 
tions of medicinal agents has been used to a rather limited extent only. 
In 1886, Sehrwald, 2 injecting into the trachea by “percutaneous punc- 
tures,” showed that 10 to 20 c.c. of a mixture of olive oil and menthol 
could be thus injected without discomfort to the patient. Campbell 3 
reported on the successful use of this method of treatment in 1895, 
describing cases in which he had injected as much as 100 c.c. of the 
oil-menthol mixture in twenty-four hours. The amount used by him 
at a single injection was usually 10 to 15 c.c. The results of this mode 
of treatment have not been sufficiently brilliant to obscure its possible 
dangers, and the method has not been employed extensively. The 
recent work of Auer and Gates 4 on the absorption of epinephrin 
(adrenalin) after intratracheal injection may give this method some of 
the clinical vogue which Sehrwald regarded as its legitimate due. 

The studies to be reported in this paper were undertaken to acquire 
a clearer conception of the anatomy and physiology of the lungs in life. 
On the basis of the previous therapeutic use of relatively large intra- 
tracheal injections, a method was devised whereby the air passages 
could be filled or coated with material opaque to the Roentgen rays. 
As is well known, the interpretation of many shadows in Roentgen-ray 
plates of the lungs is limited only by the number of anatomic possi- 
bilities. It is often a matter of importance to determine whether lines 
in the plates represent bronchi, vessels, or fibrous tissue. Frequently, 
however, it is impossible to make this distinction. It is obvious that 


* Submitted for publication Sept. 28, 1916. T „_„ e n„r1rinan 

* From the Medical Clinic and Roentgen Department of the James Buchan, 

"T&ShlS tSwWSTiw m"-" “• 20 

“I RosSterg, A.: MMk. Wchnacbr 18K 22, 44^Wd, 1887, 24, 466. 

2. Sehrwald : Deutsch. Arch. f. klm Med 1886 39, 162 

3. Campbell, C.: Med.-Chir. Trans. (London), 1895 78 39. 

4 Auer, J., and Gates, F. L.: Jour. Exper. Med., 1916, 2* 
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Fig. 2 (Plate 2-A) .—Control ; lungs before injection. Note peribronchial 
shadows in liilums of both lungs. 
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Fig. 7 (Plate 5-A). — The upper and middle bronchi well tilled after 20 c,c. 
of the emulsion had been injected. No iodoform has passed into the alveoli. 


The injections were made in the following manner: 

The animal was deeply anesthetized with ether. With the animal (dog) 
on its back, its head retracted over the edge of the table and tongue drawn 
forward, a soft rubber catheter was passed through the glottis. This catheter- 
ization of the larynx is most easily made while the glottis is in full view. To 
secure this view a headlight was used. In order to maintain the tube m place 
a wooden block with a central hole for the reception of the catheter was 
placed between the animal’s jaws. While the catheter was held in position the 
animal was turned on its -abdomen and placed with its anterior thoracic wall 



FANTUS , ET AL.— SALICYLATES IN ART Ii I 

fiable to refer to the salicylates as a specific in acute ai 
matism, but rather as a drug which modifies the course o 
without actually shortening the period of infection.” 
patients much more frequently relapse than the untre; 
reports 2.7 per cent, of deaths among 148 cases of rheum 
with salicylate as compared with 0.6 per cent, of deaths 
treated without salicylate. It may therefore be that even 
patient, as in the rabbit, salicylate harms rather than helj 

CONCLUSIONS 

1. Sodium salicylate, when used in a dose comparath 
to animal controls, is decidedly detrimental and liable t 
animals infected with the hemolytic streptococcus. 

2. The addition of sodium bicarbonate does not less 
harmfulness of the salicylate to infected rabbits. 

3. Sodium bicarbonate given alone is not injurious 
rabbits, neither does it produce a noticeable improvement. 

4. Acetylsalicylic acid, in equivalent dosage, appears 
more toxic to normal rabbits than is sodium salicylate, ar 
to infected rabbits as well. 

5. Salophen has either no influence or an unfavorabl 
course of the infection. 


4. Badt: Quoted by Menzer, Footnote 2, 
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DISTRIBUTION OF THE EMULSION IN THE LUNGS 

When the lungs were dissected after an intratracheal injection of 
iodoform oil, this material, apparently in the same degree of suspen- 
sion, was found in the bronchi, bronchioles and smallest air passages. 
Sections of the lungs fixed in 40 per cent, formaldehyd solution and 
stained with Scharlacfr R, showed large masses of fat filling the alveoli. 
The position of the catheter in the trachea determined somewhat the 
distribution of the fluid. As the plates show, however, the bronchioles 
of the upper lobes and the alveoli of the apices were filled token the 
injection was made into the lower third of the tiachea. 
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17 - 10 (Plate 10-A).— Shows lungs and bronchi completely filled after 

odotem eSon J injected. Dog died in three minutes. 

Stereoscopic roentgenograms it^as^quite ^dtffictdHo 

r r- — and this 

•Sod was soon abandoned as .mpracttcable, 

• RESULTS OF INJECTIONS 

J .i» » «■“•“= t* 

as easily as the bronchiole _ T ^ ^ emuls i 0 „ were injected. 
We l n °oS"ing observation of pos, ion 

being obtained when tbe end o - 
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roentgenograms of lungs before and after the intratracheal injection 
of material impenetrable by the Roentgen ray would give information 
as to the anatomic condition of the lungs, and thereby supply helpful 
diagnostic data. 

MATERIAL AND TECHNIC OF INJECTION 

As iodoform has been used in the local treatment of pulmonary 
tuberculosis, in bronchiectasis, and in putrid bronchitis, and since it 
was known to cast a shadow, it was the first choice. Preliminary 
experimentation showed that a suspension of iodoform in olive oil in 
thin layers definitely impeded the Roentgen rays. As a result of inves- 
tigation it was found that the most satisfactory material was a 10 per 
cent, suspension of iodoform in olive oil. Successful roentgenograms 



Fig. 1 (Plate 1-A). — Shows the entire bronchial tree completely filled with 
iodoform emulsion. The injection has been disseminated out into the alveoli, 
giving the lungs a "fuzzy” appearance. 

were obtained with ordinary iodoform in olive oil, but a better sus- 
pension was prepared by grinding up 10 gm. of finely-divided, silk- 
screened, chemically-pure iodoform in 100 c.c. of olive oil. 5 No differ- 
ence was observable between various samples of olive oil, but in order 
to obviate any irritant action from this substance, it would be best to 
use olive oil freed from oleic acid. Iodoform emulsion of this con- 
sistency adheres to the bronchial walls and does not too completely fill 
the alveoli. This property is necessary in securing sharp photographs 
of the injected lungs. 


5. Prepared by H. A. B. Dunning of the pharmaceutical firm of Hynson, 
Westcott & Dunning, Baltimore. 
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tube was just above the episternal notch. The bronchi leading to the 
apices and upper lobes were injected with as great frequency as the 
bronchi of the lower lobes, notwithstanding the difference in the ■ 
anatomic relationship between the bronchioles of the upper and lower 
lobes to the course of the injection. 

The accompanying table reveals the anatomic distribution of the 
injected fluid and shows the frequency with which each division of 
lung was injected. 

Table Showing Distributi 


Animals and 
X-Ray Plates 


1- A... 

2- A.. 

3- A.. 
i - A.. 
5- A.. 
G-A.. 

7 - A.. 

8 - A.. 

9 - A.. 

10 - A.. 

11- A. 

12 - A. 

13 - A. 

14 - A. 

15 - A. 
IB -A. 


23 -A. 
23 -B. 
23-0 


Position of 

Tracheal Tube 

Right 1 
Upper 

Right I 
Middle 

In .Bront 

Right j 
Lower 

hi 

Left 

Upper 

Left 

Middle 
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4 

+ 

+ 
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+ 

+ 

+ 
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TTIn-Vi 
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TTli»h 
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4 I 
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- 
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4 * 
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+ 

+ 
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• 4 

\ 

4 » 
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TTIffh 



. — 
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+ 

+ 

+ 
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+ 

+ 
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4 

*— 
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+ 
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4 
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. 4 
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EFFECTS of the injection - 

Twenty-two living dogs were injected intratrachea ^ 

cent iodoform oil. Of flu*. ** ^ were Hilled ten days 

toxicity or "drowning dose of distemper j n the kennels, one 

after an injection during an ep f or a dissection of the u,1 8 s > 

was killed immediately after “ . 1 ^ and te e died of pneumoma 
two died after injections o inject ion. Ten an, male 

probably directly attributable to 
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Fig. 4 (Plate 3-A, Control). — Indefinite shadows along the hilums of both 
lungs faintly seen. 



Fig. 5 (Plate 3-A). — After 7 c.c. had been injected. Note only the bronchi 
and bronchioles are filled. The animal survived. 

Experiments were made with the solution of thorium recently 
described by Burns* as a valuable agent in pyelography. The shadows 
cast by this fluid in the air passages were too faint and diffuse for 
practical value. The fluid also seemed more toxic than the iodoform 
emulsion. 


6. Burns, J. E. : Bull. Johns Hopkins Hosp., 1916, 27, 157. 
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Fig. 8 (Plate 6-A). — Shows the entire bronchial tree outlined and the iodo 
form sticking to the wall of the upper right bronchioles. 


Fig. 9 (Plate 7-A). — Shows animal weighing 18 pounds after 15 c.c. of iodo- 
form had been injected, outlining the bronchial tree and alveoli. This was the 
second injection; the animal survived. 


resting on a Roentgen-ray plate. At the proper moment the iodoform oil was 
injected forcefully through the catheter by a large syringe inserted into the 
outer end of _ the tubing. At the tend of the injection an instantaneous exposure 
was made with a soft vacuum Roentgen-ray tube placed 20 to 30 inches above 
the plate. 




A CASE OF INFUNDIBULAR TUMOR 
IN A CHILD 

CAUSING DIABETES INSIPIDUS WITH TOLERANCE OF ALCOHOL * 

L. NEWMARK, M.D. 

SAN FRANCISCO 


. cl ” llcaI noteS ' in this case are deficient in a number of par- 

ticulars which those interested would wish to know, and the anatomic 
examination could proceed but little beyond the parts primarily 
involved.. .But defective as the following description is, it is submitted ' 
ns exhibiting a good example of a rather uncommon disorder. The 
tolerance of alcohol in diabetes insipidus is mentioned in textbooks, 
but it does not appear that their statements are based on any con- 
siderable body of observations. In the reports published in recent 
3 r eai s of cases of the disease and of experimental polyuria in animals, 
this subject seems not to have been considered at all. . 


REPORT OF CASE 

f 

History. According to information kindly supplied by Dr. Florence Scott 
of Belvedere, Calif., the patient, Pete B., a native of Italy, fell from a wagon 
when he was 4 years old and fractured his skull. He recovered completely 
from the effects of this accident, and it is considered certain that he did 
not have the unquenchable thirst before he was about 9 years old. Since 
the age of 6 he was addicted to smoking cigarets. To Dr. Florence Scott the 
child's polydipsia was revealed when she saw him at a comparatively late hour 
one night walking about the house with a large pitcher of water which he had 
left his bed to get. Inquiry elicited that the boy had been drinking very 
copiously and urinating large quantities every night for about a year previ- 
ously. As he was at that time 10 years of age, the polyuria and polydipsia must 
have attracted the attention of his parents when he was about 9. His father 
subsequently told me that the boy drank as much as 2 gallons of water during 
the night, and that a bucket of a capacity of 4 gallons was placed in his bed 
room as a urinal and was regularly found half filled in the morning. The 
urine, the father added, looked like the water the child drank. Dr. Scott 
examined it many times and found the specific gravity generally 1.002 and 
never more than 1.006; sugar and albumin were always absent. 

The impression obtained was that the thirst and the urinating were rather 
more troublesome at night than during the day; for, while there was abundant 
evidence that the boy drank copiously throughout the day (the customers, tor 
instance, to whom he delivered milk, observing how frequently he drank at 
the faucet on his visits), yet his teacher related that he never had to be 
excused during lessons to drink or to urinate. 


* Submitted for publication Sept. 22, 1916. n , 

* From the San Francisco Polyclinic. Thanks are due to Professor Ophu s 
of Stanford University, and to Professor Rusk of the Unn^sdy of Cah 
fornia, for much help in pathologic matters, and to Dr. H. D Arcy Power 
of the Polyclinic, for the photographs of sections. 
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Fig. 12 (Plate 23-A).— Shows right upper and lower bronchi filled with 20 c.c. 
iodoform emulsion. 
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was applied foVmskh over fllelied the 0 eXt h en - Sor when the stimulus 
mal flexion of the hi* method either nor- 


mal flexion of tlie big toe was obtain** «« ,? oa e,tiler *»or- 

respects the result of the neurological exa’min y° response a ! al! * In all other 
ray showed a normal The Roentgen 

test of the serum yielded nothing worth nn f C ^” ts , an{ ^ tbe Wassermann 
Ac Talqvist scale, ft was d°S5 IT* T?l J*! *«*“>»» « «V 
record of the blood pressure. 


, ■ ^, h . e b ? dy of the boy was not as lean as might have been expected from 
s thin visage, but there were no local accumulations of fat. According to the 
mothers statement the child’s appetite had been keen in the beginning of the 
disease and he had grown fat, but later it was ordinary. Puberty was not 
c early developed. The testicles were not examined ; there was nothing striking 
about the penis. The voice was that of a child. 

On account of the vomiting, but little could be given by the mouth, but 
lie continued to pass more liquid than the sum of what ' he drank and what 
lie could have absorbed from the enemas. During the few days he was under 
observation in the city, the largest quantity of urine collected in twenty-four 
hours was 126 ounces; one voiding, however, was lost, and this may have 
amounted to a considerable quantity', for he urinated 24, 29, 30, 32 and 36 ounces 
at one time. The avidity with which he seized and drank whatever was offered 
to him showed the persistence of his polydipsia to the end. 

The temperature in the mouth ranged, on February 27 and 28, between 98.6 
and 99.7 F. At 11 p. m., March 1, the rectal temperature was 96.8. The oral 
temperature rose the next morning to 98.4 and fell in the afternoon to 97.8. 
On the morning of March 3, 96.1 was recorded by the mouth, being the lowest 
on that day; March 4 at 6 a. m. the mouth temperature was 95; the following 
morning it had risen to 96.8, and at 10 in the night of March 5 it had dropped 
to 94.4, the minimum of the whole course. By 5:30 in the morning of March 6 
it was 95.5. About two hours later, while eating, the patient had a turn for 
the worse and soon expired. 

Necropsy. — The necropsy had to be performed very hastily and incompletely, 
so that only the brain and the hypophysis, removed separately, could be obtained. 

Nothing special was noted about the skull. The_ sella turcica was normal. 
There had been a fresh hemorrhage, no doubt the immediate cause of death. 
The effusion was found at the base of the brain, chiefly under the pia cover- 
ing the pons and the interpeduncular space. The optic nerves were of a rather 
striking butter-yellow color. The anterior aspect of the hypophysis was of 
the same color, while the posterior was dark red. No infundibular stalk 

was seen. 

After the brain had been hardened m formaldehyd, the corpus callosum 
and the fornix were removed, and the tela choroidea. was reflected without 
any abnormal attachment being encountered. The third ventricle was then 
seen to be occupied by a long, dark-red tumor, mto which the fatal hemorrhage 
had taken place. The pineal gland was very small, a thin leaflet, and might 

easily have been overlooked. , . , 

Microscopical Bmnimtion .- A series o{ sections was cot through the tumor 
in sitn and these were st'ained by the method of Weigert or that of Van 
Gieson ’ The Weigert sections, which are here reproduced, illustrate the exten 
2d reiatioSs of tife tumor, and may serve in place of much ted.ous desenptron. 

They are two hemispheres, near 

Figure 1 shows the tumor in .the : space Den who l e space 

the base of the frontal lobes. In Figure /it is see nerve s below, the'Iatter' 

between the anterior commissure ab d P intimate connection 

just joining to form th % c1 ^ The optic chiasm appears 
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survived more than a month after the injection, and some of these 
survived repeated injections. The mortality among the animals there- 
fore appears to be approximately 25 per cent., or three out of thirteen. 

The type of lesion in the lungs of the dogs whose death was con- 
sidered to be due ultimately to the injected emulsion, was that of a 
proliferative bronchopneumonia. In all cases the exudate was found 
to be undergoing organization, while the alveolar and bronchial 
epithelium was considerably hypertrophied and in several instances 


— of Injected Emulsion 




In Alveoli 
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Amount of 
Iodoform Oil 
Injected, 
C.c. 
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Weight of 
Dog, Kg. 

Results 

Right 

Upper 

Right 

Middle 
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Right j 
Lower 

Left 

Upper 

Left 
i Middle 

Left 
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heaped up in two or more layers of large epithelial cells. No giant 
cells were seen in the sections and there was no process to suggest that 
the iodoform had provoked a foreign -body type of reaction. 


SUMMARY AND CONCLUSIONS 

A method is described by which shadows cast by the .air passages 
of the lungs may be unequivocally defined in roentgenograms. This 
method consists of injecting into the. trachea a 10 per cent, suspension 
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membrane stretched between them forms the floor of the ventricle. The same 
relation between the tumor, on the one hand, and the mamillary bodies, the • 
optic thalami and the hypothalamic region on the other, appears in Figure 6, 
where the section passes through the pons. The growth is shown, not far 
from its posterior end, lying in the ventricle, in Figure 7, which illustrates a 
section passing through thalami, red nuclei and pons. 

The tumor did not extend to ‘the posterior commissure and the pineal body. 
The aqueduct of Sylvius was not dilated. No lesion was found in the medulla 
oblongata or fourth ventricle. 



Fig. 3. — The optic chiasm appeals flattened and stretched over the basal sur- 


face of the tumor. 
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of iodoform in olive oil, which renders the air passages opaque to the 
Roentgen ray. The limit of a safe dose of this emulsion for dogs is 
found to be approximately 4 c.c. per kilogram of body weight. The 
plates are made by an instantaneous exposure by a soft vacuum tube 
placed above the animal (20 to 30 inches above the plate). As similar 
suspensions of iodoform in oil have been used in the local therapy of 
human pulmonary diseases, it is hoped that perfection of the method 
may ultimately permit its application to man. This preliminary study 
is the basis of the belief of the authors that by such a method it may 
become jpossible to define with precision many radiographic shadows 
which are at present largely data for speculation. 
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There was no limit to the amount of water procurable to slake his thirst; 
but he craved stronger drink. On account of his early addiction to tobacco 
and a propensity to “swear dreadfully,” he had for some time been viewed 
askance; and the measure of his iniquity seemed indeed full when the father 
denounced his son to Dr. Scott as a bad boy, incorrigibly given to drink. Severe 
beatings did not deter the boy from various tricks to obtain wine. He would 
drink the home-made wine from the barrel by sucking it up through a tube. 
To obtain beer from the grocer (who refused to sell it to him directly) he 
would hand his money to some vagrant and purchase through that agent. 
It was a matter of common knowledge in the neighborhood that P. would not 
recoil even from whisky. This was denied to me by the father after the 
child's death, but I am informed that in a recital of his complaints about the 
boy some years before, the drinking of whisky had been included. I have 
the father’s word for it, however, that the boy would drink three or four glasses 
of beer in rapid succession, or toss of? several glasses of wine. His indul- 
gence in wine exceeded by far the measure of what some may think is per- 
mitted the young among people of Latin race. The father said he had never 
seen a child drink alcohol like Pete, But he had never seen the boy drunk, 
nor could any one else be found who had seen him affected by drink. After 
a bout, for instance, shared by “another little boy” who, we may safely pre- 
sume, got but a small portion of the four quarts and a pint of beer consumed, 
he reported at school and performed his tasks well, as he usually did. His 
teacher rated his intellect as developed in proportion to his years, and approved 
his work to the last. 

The headaches from which he suffered at intervals of several weeks for at 
least three years, were looked on as “sick headaches," and were not ascribed 
to indulgence in alcohol, or to grave organic disease. Generally they did not 
last beyond a day, and his attendance at school was not interrupted for a 
longer period than that, until about two weeks before his death. They were 
not always severe enough to make him take to his bed. He did not vomit 
in the attacks. .The headaches over, he would resume his smoking and drinking 
whenever opportunity presented. 

Examination . — In January, 1914, on a visit to the village where he lived, the 
subject of the foregoing history was brought to my attention as a “case of 
diabetes insipidus.” The patient proved to be a weazen, alert and agile little 
boy, 14 years of age, but who looked not more than 10. He had not grown 
much, if at all, for a few years previously, and had always been considered 
small for his years. (His father is only 5 feet 5 inches in height.) On this 
occasion I examined the boy as well as the circumstances permitted. In view 
of the diabetes insipidus and its reference to lesions in or near the hypophysis, 
I tested especially the sense of smell, examined the backgrounds of the eyes, 
and sought to determine the visual fields. The result of the examination was 
negative. 

Second Examination and Course . — Very different was his condition six weeks 
later. He was brought to San Francisco Feb. 27, 1914, because the headache, 
which had set in ten days before, persisted, and was attended with vomiting 
and a slow pulse. Now there was incipient but distinct papillitis in both eyes. 
Anosmia was found at the left nostril, and a few days later there was evidently 
a reduction of the sense of smell at the right also. The pulse rate was 53 on 
admission, and had been as low as 48. The headache, which was frontal, 
was intense and the patient was delirious a good deal of the time, and tossed 
about wildly in his pain ; but there were intervals when the pain subsided and 
i the mind was lucid, and during such an interval it was possible to test his 
visual fields again, roughly, but no hemianopsia of any kind could be made 
out. Ankle clonus' could generally be provoked on the right, and occasionally 
. on the left. From the sole of either foot a normal (flexor) as well as an 
abnormal (extensor) response could be elicited: a flexor response followed 
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delirium, that he had been drinking, and the diagnosis' of the etiolom, 

ID 9 mn ar( Cd aS lnValidatcd b > r the discovei 7 of the polyuria of 7,000 
to 9,000 c.c. with a specific gravity of 1.003 to 1.005 as “it was well 

known that patients with diabetes insipidus have a remarkably great 
tolerance for alcoholic drink.” The delirium was thereupon ascribed 
to sodium salicylate, of which the patient had taken rather large doses; 
this had had the effect of greatly reducing the excretion of urine. The 
inference seemed to be that insufficient elimination had thus led to 
intoxication. But in a case described by Trousseau, 4 apparently the 
obsci vatxo piinccps in this matter, there was associated with an amaz- 
ing endurance of alcohol an extraordinary sensitiveness to certain 


other drugs. The patient in this instance was a youth of 20, whose 
polydipsia and polyphagia had begun at 16. “He stated that from the 
beginning he had acquired so great an immunity as to be able to drink 
large quantities of stimulants without feeling the slightest symptoms 
of being drunk. On several occasions he took on a wager 20 liters of 
wine, gaining his wager without producing any effect on the nervous 
system.” At a time when the patient was drinking “33 liters in the 
24 hours, and passing from 37 to 43 litres in the same space of time,” 
Trousseau “tried belladonna in doses of one centigramme; and — 
strange to tell! — this man, who could drink 20 litres and a litre of 
alcohol of sp. gr: 0.835 (po dcgres ccntcsimaux 5 ) without being intoxi- 
cated, experienced violent effects from this minute dose of belladonna; 
and each time it was repeated similar results were produced. I then 
had recourse to strychnia.” But strychnin was likewise not tolerated. 

This was undoubtedly a severe case of primary polyuria, not a f 
primary polydipsia of purely functional, or psychic, character. The 
patient was one of those who “seized the chamber-pot, and drank the 
contents to the last drop” while “enduring an almost total withdrawal 
of drinks.” There had been a small quantity of sugar in the urine at 
times at the beginning of the malady. “Convulsive phenomena” and 
“failing of sight” are mentioned. All of which circumstances concur 
to fortify the impression of a pituitary or infundibular diabetes 

insipidus. 

In the course of extensive, but still far from exhaustive, study ot • 
the literature I have not come on any case in which the tolerance of 
drugs had been observed and the cause of the polyuria had been certi- 
fied by necropsy. The case with which this paper deals demonstrates 
that in a polyuria resulting from infundibular disease, the brain may 


4. Trousseau: Lectures on Clinical Medicine, New Sydenham Society’s 

Translation, 1870, 3, 528. , , , • an deares ccnteshnanx is 

5. The translator explains that a liter oi^ho\a9Vaegres^ 
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the production of polyuria, turn from the posterior lobe of the hypoph- 
ysis as a mere “atrophied nervous fragment” and seek higher, at the 
base of the brain,, in the gray matter of the third ventricle, the centers 
which regulate the assimilation of carbohydrates and the water content 
of the organism. According to their views, the presence of the tumor 
in the opto-peduncular space” in the case I am reporting would amply 
account for. the polyuria, for they could produce a copious and durable 
polyuria by a lesion in that region, even in animals which had previ- 
ously been deprived of the hypophysis. 

A brief survey of necropsy data will illustrate the difficulty of 
discerning the essential factor in the provocation of diabetes insipidus. 
1 he problem is akin to that of accounting for the relation between the 
hypophysis and “adipositas hypogenitalis,” which Bernhard Fischer 10 
has discussed, coming to the conclusion that this state is shown by 
postmortem examination in the human being to be generally the result 
of purely mechanical injury, by pressure, to the pars nervosa. He finds 
no explanation for the exceptions, that is, for the cases in which the_ 
anatomical conditions are given, but the dystrophia adiposogenitalis 
was absent. The pathological-anatomical conditions being about the 
same as those found associated with diabetes insipidus, it is striking 
that polyuria is mentioned in only four out of thirty-one cases of 
adiposity with tumors in the hypophysial region, which were tabulated 
by Strada. 11 

(o). Any kind of pathological process, tuberculosis, syphilis, actin- 
omycosis, 12 primary or metastatic, tumors, or trauma, established in 
or near the hypophysis may provoke a polyuria. It has been supposed 
that the effect was the result of irritation of the pars intermedia. Von 
Gierke 13 got the impression of “chronic inflammation of the pars pos- 
terior with hyperplastic proliferation of the cells of the pars inter- 
media” in a somewhat obscure case with moderate polyuria. SchmorF 
found in two cases of myxedema a not inconsiderable hyperplasia of 
the hypophysis, and especially of the pars intermedia, but does not 

mention polyuria. 

(b). Metastatic carcinoma has in a number of instances been con- 
fined to the pars nervosa, leaving the pars intermedia intact. In a case 
reported by Gotzl and Erdheim 15 there was a large tumor in the third 
ventricle, the relations of which to the floor of the ventricle were not 


10. Fischer, B.: Hypophysis und Adipositas hypogenitalis, Frankfurter 

Itschr: f. Pathol., 1912, 11, 145. , A * 1011 203 1 

11. Strada: Virchows Arch. f. path. Anat, 19H, 203, DJab( , te 

12. Belkowski : Actinomycose de la base du crane e 

isipide, Rev. de med., 1911, 31, 420. r^ellsch 1914, 17, 200. 

13. Von Gierke: VerhandL d. detach, part iWW, B 231 . 

14. Schmorl : VerhandL d. deutsch. pah. f e f ls f’Jp 

15. Gotzl and Erdheim: Ztschr. f. Heilk., 19 , , 
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nervosa could be identified. The organ consists of pars anterior and rem- 
nants of the pars intermedia. In stained sections through the region of 
the pars intermedia there is visible to the naked eye an area somewhat 
conical in shape, about 1 mm. wide and nearly 2 mm. deep,- penetrating 
from the fibrous covering of the hypophysis into the organ; this area is con- 
spicuous from the intensity with which it has taken the hematoxylin. The 
normal tissue is replaced there by a fairly cellular connective, tissue, in which 
there are large cells with very large, very deeply staining nuclei. These cells 
are either polygonal or somewhat elongated. There is quite a heavy infiltration 
with lymphocytes throughout this tissue. Between this growth and the tissue 
of the anterior lobe the boundary is partly fairly well marked, but along a 
line it becomes ill-defined, and here the large cells of the tumor and the 
smaller cells of the glandular part of the hypophysis are in places intimately 
mixed. At the apex of the wedge of tumor tissue cysts and follicles of the 
pars intermedia are to be seen in fair number; they contain oxyphil colloid. 
The follicles are lined with clear nuclei. 



Fig. 5. — See legend of Figure 4. This section passes just anteriorly to the 
pons, some of the pontile tissue being included on one side. The tumor 
occupies the interpeduncular space. See text for further description. 


In anteroposterior sections beyond the region of the pars intermedia the 
tumor is superficial, lying directly beneath the infiltrated capsule of the 
hypophysis, in a shallow depression of the anterior lobe, and for the most part 
well defined against the hypophysis, but in one region intimately connected with 
it. The pars anterior contains eosinophil and chromophobe cells in the usual 
proportions, but is deficient in basophil cells. The fibrous capsule of the 
hypophysis, where it covers the tumor, contains blood resulting from a recent 
hemorrhage. 

Pineal Body: This structure had the usual shape of a cone. As has been 
remarked, it was quite small; its length did not exceed 4 mm.; its greatest 
thickness was a trifle more than a millimeter and a half; its width cannot 
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of the symptomatology of these growths to that of hypophyseal tumors 
has appeared, and it is enhanced by the inclusion of diabetes !nsiZ s 
among the disturbances that may arise from either. Also a substance 
with diuretic effect has been extracted from the pineal body (of the 

DilCCp J • 

. Fr0m the publications on polyuria in connection with pineal tumors 
it will suffice to cite, first, a report by v. Hosslin 18 on a boy aged 9, 
who for several months drank and passed 20 to 24 quarts a day, the 
urine being of low specific gravity. Several weeks before death the 
diabetes insipidus ceased an occurrence such as has been mentioned 
above as observed in hypophysial diabetes insipidus. A sarcoma of 
the pineal body was found in this case. Then there is the record of 
another boy 10 in whom the pineal tumor had been diagnosed during 
life: he had unquenchable thirst with enormous polyuria. In the 
reports of these cases which I have been able to see, the condition of 
the hypophysis is not 'mentioned ; but it is mentioned in a third case, of 
which v. Gierke 20 gives an account. The patient was a victim, at 72 
years, of metastatic carcinoma in the bones, kidneys, dura, and in the 
pineal body; six weeks before death an increase of the urine to 4 or 
5 liters had occurred, and it continued until the end. At night water 
was drunk “by the can.” Despite the cancer the corpse was adipose. 
There were found in the hypophysis only traces of a minute hemor- 
rhage at the posterior border of the anterior lobe, which was not held 
responsible for the insipid polyuria. Apart from a slight change in the 
thyroid, the other glands of internal secretion were normal, so that 
v. Gierke thought only the pineal disease deserved consideration with 
respect to the polyuria. 

What the relation of the pineal atrophy in my case is to the tumor 
in the infundibulum I am not able to determine by reference to other 
cases. Simmonds found no changes in the pineal body in his material 
of diseased hypophyses. Bartlett 21 describes it as enlarged in a case 
of adenoma of the anterior lobe of the hypophysis with destruction 
of the posterior. 

SUMMARY 

1. An account is given of a boy who died at 14 years after having 
had diabetes insipidus continuously for about five years. 

2. Sims of a tumor appeared only about two weeks before death; 
whence the admonition against assuming the “functional” nature of a 

18. Von Hosslin: Muncl.cn, med Wctaschr, JK N % 13 ' ‘’j®’ 

ll: " 

with Special Reference to the Pineal Gland, The archiv . 

12 , 201 . 
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DISCUSSION 

Diabetes insipidus, arrest of growth and low temperature were 
observed in combination before there was a knowledge of their relation 
to the hypophysis or its neighborhood. The low temperature was 
ascribed to “the loss of heat resulting from the increased elimination 
of water and the frequent ingestion of cold fluids.” 1 In the case before 
us the variations of temperature are known only as they occurred in 
the last days of life. There was no relation at that time between 
imbibition and elimination of fluids, on the one hand, and the degree 
of temperature on the other ; rather did the regulation of temperature 
appear to become disturbed in accordance with the increase of conges- 
tion in, and -pressure by, the tumor, and the lowest temperature, 
recorded on the last night might have been regarded as an omen of 
the final issue, which occurred the next morning. 

To the units of the symptom complex mentioned should be added 
the tolerance of drugs, and perhaps intolerance of them. Like the 
lowering of the temperature, the tolerance of large doses was attributed 
to the activity of the urinary secretion. Thus Guinon 1 wrote in 1890: 

One phenomenon which is associated with the activity of the urinary secretion 
is the immunity against alcoholic drinks and drugs. Extract of valerian in 
large doses, ergotin in grammes continued for several days, antipyrin in doses 
of a drachm and a half administered regularly, produce no bad effect on 
these children, because the active element of the drug is eliminated by the 
lavage of the tissues. 

This is an obvious explanation for increased tolerance ; but it would 
not account for the “exaggerated susceptibility” which has been 
asserted in regard to alcohol as well as to other substances. 2 Few 
records of original observations on diabetes insipidus in which mention 
is made of the effect of drugs have come to my knowledge from the 
older literature, and none from that of recent years; and judgment 
concerning the earlier cases is rendered difficult by the uncertainty of 
their pathology. It is improbable that all the polyurias described as 
diabetes insipidus have an identical pathology. For instance, what is 
one to assume to be the lesion in a man 3 58 years of age, who was 
admitted with what -was erroneously considered a classical alcoholic 
delirium, who had had polydipsia and polyuria for thirty-one years? 
In the history which was delivered with the patient it was stated that 
he tolerated alcohol badly, but the patient denied, on recovery from the 

1. Guinon, L. J.: Urinary Neuroses of Childhood, Wood’s Medical and 
Surgical Monographs, 1890, p. 715. 

2. Ralfe and Bradford: Chapter on Diabetes Insipidus in Allbutt and 
Rolleston’s Syst. Med., 1907, 3, 212. Tyson’s Practice of Medicine, Ed. 5, 1910. 

3. Julius Wagner: Vermeintliches Alkohol-Delirium, Diabetes insipidus 
■Salicylsaurevergiftung, Wien. klin. Wchnschr., 1888, 1, 778. 



the reactivated thymus * 

GEORGE HOWARD HOXIE, M.D, 

KANSAS CITY, MO. 

‘Persistent thymus” has been a term in the literature, though a 
term about which much skepticism has gathered. But it is gradually 
becoming established as a fact that the thymic parenchyma persists 
tnoughout life, and that this parenchyma may become reactivated 
to the extent that its secretion influences the endocrine equilibrium. 
The causes of such a reactivation are not known. Studies of the 
histologic picture afforded by such a reactivation are rare; hence the 
following data from a case that for want of a better tern: may be 
called thymic myasthenia. 


REPORT OF CASE 

History.— G. N„ a farmer, first seen at the age of 19, had been suffering 
for two years from shortness of breath. He had measles as a child; no other 
diseases except a headache about three to five times a year since 10 years 
of age. The patient vomited at the end of each attack. Formerly he was the 
"fattest” one in the family, but was now thin. Sleep was poor on account of 
a "stretching of the diaphragm'— evidently a feeling of constriction. 

Examination . — The examination showed a short but well-proportioned young 
man, with no external evidence of disease. The stomach was dilated, reaching 
to the navel. Diastolic blood pressure was 95, systolic 130. The urine was 
negative, except for increased indican. The white blood cells numbered 13,600, 
polymorphonuclear cells 65 per cent., and large lymphocytes 33. Gastric lavage 
and intestinal cleansing had no effect on the subjective symptoms. Four 
ounces of sugar caused no glycosuria. Epinephrin (adrenalin), 1 c.c. of 
1 : 3,200 solution, raised the temperature in twenty minutes from 98.6 to 99 F., 
the pulse remaining at 84. The temperature was labile and easily raised by 
emotional and physical excitement. The condition was not affected by the 
administration of thyroid extract 1 grain three times a day for one month. 

Examination by surgeon (Dr. Binnie) was negative; by neurologist (Dr. 
Skoog), negative; roentgenogram of spine (Dr. Skinner), negative. 

Findings .— The only important physical finding was increased submanubrial 
dulness, the outlines of which are shown in the accompanying photograph 
(Fig. 1). The roentgenogram of the chest (Fig. 2) shows an enlarged shadow 

in this area. . , 

The manubrium was resected (Dr. Binnie) and some pieces of tiiymus 
removed. The microscopic study of these (Figs. 3 and 4) shows the epi- 
thelialization described by Matti and IClose as characteristic of the reactivation 
of the adult thymus. 

624 Rialto Building. 


* Submitted for publication Oct. 16, 1916. 
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not be affected by alcoholic draughts to which immaturity, a previous 
injury to the skull, and the presence of a large vascular tumor might 
be supposed to render it peculiarly sensitive. On what this immunity 
depends need not be left to speculation, but should be determined by 
investigation on appropriate human or experimental material . 0 

Abundant evidence has been collected at necropsy, as well as by 
experimental work, to establish the dependence of polyuria on disease 
localized in the region in which the tumor was found in the present 
case. But it has been found difficult to explain the process by which 
the abnormal diuresis is produced, and the very organ involved is 
subject to dispute. It is probably no mere coincidence that the neuro- 
hypophysis should furnish an extract with diuretic properties, and 
that disease in, and about, the neurohypophysis should be so often 
associated with diabetes insipidus. Yet the theory that the polyuria 
was due to an excess of diuretic substance has but little support from 
observations on man. Indeed, this theory yielded under the influence 
of postmortem data to the assumption that there was a deficiency of 
the normal restraint on diuresis, and this assumption seemed to be con- 
firmed by the observation that pituitary extracts might diminish the 
amount of urine in normal persons as well as in patients with diabetes 
insipidus. One should, however, be cautious in concluding that these 
extracts are specific antidiuretics. The literature 6 7 of a little over thirty 
years ago contains accounts of remarkable effects of ergot in diabetes 
insipidus, and that, too, in some cases which seem from the concomitant 
optic atrophy or headaches to have been of intracranial origin. The 
therapeutic results reported there excel those which seem to be obtained 
by the use of pituitary extracts. 

Excessive function of the pars intermedia or pars posterior, as well 
as diminished function of those parts, having failed to account for the 
polyuria, the notion of "dysfunction” has been introduced; and finally 
there are pathologists 8 9 and experimental investigators who reject hypo- 
physeal pathology altogether from consideration in relation to polyuria. 
Thus, Camus and Roussy , 0 who have experimented very diligently on 

6. Ralfe and Bradford (Allbutt and Rollcston's Syst. Med., 1907., 3, 216) 
mention the great fall in the amount of urine, often to normal, on the accession 
of pyrexia. Long ago Todd asserted that in pyrexia large doses of alcohol 
were borne without intoxication, lessened tolerance indicating the return of 
the temperature to normal. These statements conjoined might be made to 
support the view that tolerance of alcohol is independent of diuresis. In 
diabetes insipidus one would expect the tolerance of alcohol to be associated 
with a subnormal temperature. 

7. DaCosta, J. M.: Ergot Treatment of Diabetes Insipidus, Med. News, 
Jan. 7, 1882, p. 5. 

8. Erdheim: Uebcr Hypophyscnganggeschwiilste, Sitzungsb, d. Wien. Akad. 
d. Wissensch., 1904, 113, 537. 

9. Camus and Roussy: Diabete insipide et polvuric dite hvpophvsairc, Presse 

med., July 8, 1914, No. 54. ' ' 
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unlike what has been described in my case, but the hypophysis had 
undergone only slight compression, its structure, however, being con- 
sidered unchanged, apart from large foci of small cells in the posterior 
lobe. Diabetes insipidus had persisted for two years. Irritation of 
the pars intermedia, or obstruction to channels leading from the pars 
nervosa, was a possible effect of the tumor. 

(c) . But the pars intermedia, and indeed the whole . hypophysis, 
may be destroyed by new growth, and yet the polyuria may persist to 
the end. It would require the extraction of a diuretic substance from 
such a tumor to support a chemical hypothesis, unless it could be made 
plausible that some other organ was stimulated to excessive vicarious 
production of a diuretic substance. 

( d ) . It appears to be an obstructive or destructive process affecting 
the pars nervosa, not an irritative process affecting the pars intermedia, 
that excites the polyuria. 

(tf). But the polyuria and polydipsia have been known to subside 
after having lasted for weeks, where extensive destruction of the 
hypophysis by cancer had taken place , 10 and after having lasted for 
years (in Gotzl and Erdheim’s case) when the hypophysis was only 
slightly affected. 

(/). There is a considerable body of observations concerning 
tumors and other morbid processes affecting the hypophysis which 
failed to produce polyuria. Simmonds , 17 for instance, found cancerous 
metastases without polyuria as well as with it, and he has also reported 
very advanced atrophy of the hypophysis in all its parts without the 
occurrence of diabetes insipidus. 

Seeking for the cause of the effect in the most limited lesion, we 
may conclude that disease affecting the neurohypophysis may provoke 
polyuria (and until now it has appeared to be the most frequent pro- 
vocative of it) ; but the effect need not be permanent, and it need not 
occur at all. This irregularity in the concurrence of disease of the 
neurohypophysis and diabetes insipidus may be a consequence of the 
fact that the neurohypophysis is not the only region from which 
polyuria and polydipsia may be elicited by disease. 

While the medulla oblongata figures infrequently at present in the 
pathology of diabetes insipidus, growths in the pineal body have 
become associated with this disorder. Abnormalities of growth and 
sexual development having been referred to pineal tumors, a likeness 

16. Simmonds: Zur Pathologic dcr Hypophysis, Vcrhandl. d. deutsch. path. 
Geseltsch., 1914, 17 , 208. 

17. Simmonds : Ueber sekundare Geschwulste des Hirnanhangs und ihre . 
• Beziehungen zum Diabetes insipidus, Miinchen. med. Wclmschr., 1914, No. 4, 

p. 180; also, Ueber Hypophysissclvwund mit todichem Ausgang, Deutsch. med! 
Wclmschr., 1914, No. 7, p. 322. » 
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Any procedure which will enable the clinician to determine the 
functional condition of an organ is most desirable. From the investi- 
gations of Wohlgemuth/ Wynhausen 2 and Noguchi 3 -on the quantita- 
tive estimation of diastatic activity in the blood, urine and feces, it 
seemed as though a method had been found which would show changes 
in the functional state of the pancreas. The results reported by these 
authors were obtained, not only in experimental pancreatic lesions in 
animals, but in pancreatic disease in man. Their work led to the 
present study. 

TECHNIC 

The method employed to estimate diastatic activity was one devised 
by Wohlgemuth.* The principle of the method is the conversion of 
starch into erythrodextrin, as determined by the iodin reaction. Wohl- 
gemuth’s modification of his method has been used in our investigation 
because of the short time in which it can be performed. 

Varying amounts of urine or a fecal suspension, decreasing by arithmetical 
progression from 1 c.c. to 0.1 c.c., are added to a series of ten test tubes. If a 
smaller quantity than 0.1 c.c. of urine is required, the urine is diluted ten or 
twenty times with distilled water. The test is then repeated, using the same 
amounts of the diluted as of the undiluted urine. To each test tube are added 
2 c,c. of a 0.1 per cent, soluble starch solution. The tubes are then shaken and 
placed in the water bath or incubator at 38 C. for thirty minutes. At the end of 
that time fiftieth-normal iodin solution is added drop by drop to each tube until 
a color is produced. The end-reaction is considered to be present in that tube 
in which the blue color of starch is replaced by the reddish-brown of erythro- 
dextrin. 'The units expressing the diastatic activity are the number of cubic 
centimeters of 0.1 per cent, starch solution, which will be converted into erythro- 
dextrin by 1 c.c. of urine and the symbol employed is In working with 


* Submitted for publication Oct. 23, 1916. . , , 

*From the Laboratories of Medicine of Harvard University, Boston, and ot 


the State University of Iowa, Iowa City, Iowa. „ , 

1. Wohlgemuth : Beitrag zur funktionellen Diagnostik des Pankreas, Ber . 

kh 2. Wynhausen ? Zur Funktionsprufung des Pankreas, Berl. klin. Wchnschr., 

191 J Noguchi : Ueber d. Fementdiagnose bei Pankreasverletzung, Arch. f. Win. 

Ch 4 ' Wohlemuth 5 'Ueber eine neue Methode zur quantitativen Bestimmung des 
diastis^en F^mentsy Bicichem. Ztschr 1908 9, 1. 

Experiment elle Beitrage zur Diagnostik dersubcutan Panhreasverletzungen, 

klin. Wchnschr., 1910, 47, 478 ; 1912, 49, 1069 . 
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diabetes insipidus even after some years have elapsed without definite 
tumor symptoms. 

3. A craving for alcoholic drink and unusual- tolerance of it in 
diabetes insipidus are recorded. There is a need for more observations 
on the effects of drugs in this disorder. 

4. A tumor occupying the region of the infundibulum, extending 
forward through the lamina terminalis, between the frontal lobes, and 
backward into the third ventricle and destroying the neurohypophysis 
and most of the pars intermedia, actounted for the diabetes insipidus. 

'5. There was also atrophy of the pineal body. 

6. A survey of the literature confirms the view that a tumor caus- 
ing diabetes insipidus is commonly situated in, or near, the neurohy- 
pophysis, but occasionally in the pineal body. It does not appear from 
clinico-pathological observations that it is overproduction of a diuretic 
substance that causes diabetes insipidus. 
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not comparable with the others given, as he determined the diastatic 
activity not for one cubic centimeter but for the entire twenty-four 
hour amount of urine. . y 


Ifor his modified method Wohlgemuth 0 reports 64 units to be the 
maximum normal limit 'found for the diastase of the urine. But he 
does not state on what observations this conclusion was based. We 
have collected 216 cases 10 without evidences of pancreatic disease, 'in 
which the diastatic activity of the urine was estimated by Wohlge- 
muth’s modified method. Variations from none to 66.6 diastase units 
were present in the urines of 208 of these patients; 100 units were 
present in the urines of seven patients, and 400 in one instance. 11 


TABLE 1.— Diastatic Activity in the Urine of Normal Adults 


Diastase Units In 1 C.c. Urine 

Number ol 
Oases 

4 

2 

$ 


8 .... 

2 

20 

5 

40 

12 

80 

1 




We have studied the diastatic activity of the urine in healthy adults 
and in hospital patients. Estimations of the diastatic activity were 
made in the urines of twenty-two healthy male adults, obtained through 
the courtesy of Dr. J. A. Beer of Columbus, Ohio. All but one of 
these urines contained less than the maximum limit of 64 units reported 
by Wohlgemuth. 0 

The diastatic activity of the urine was studied in 108 hospital 
patients. These patients were without evidences of pancreatic disease 


9. Wohlgemuth and Noguchi: Experimentelle Beitrage zur Diagnostik sub- 
cutan Pankreasverletzungen, Berl. klin. Wchnschr., 1912, 49, 1069. _ 

10 Rosenthal: Zur Frage der Auschiedung von diastischen Ferment im Unn, 
D " ra od. Wchnschr., 1911, 37 . 923. Geyelin: A Ctacal S a * ' 

A H sLd"clmpa““« Vatac Kctiona, 
f„Thf^”"s=s of tlAidney Sj-to * 

taEtaSi k stfss ?* £ 

Quantitative StaStiiy f ’ Agtof 

to Diagnosis, Quart. Jour. Med., 1916, * • 111,164. Wohlgemuth: 

ment des Urins, Deutsch. Arch. f. klm. Med, 1913, IT. h W ^ 432 _ 

Beitrag zum Verhalten der Diastase un Ur) n, Biocl em. Zt ^ Urine 

11. Corbett: The Quantitative Estimation of jo^ Med., 1912-1913, 
as a Measure of Certain Pathological Condibons, Quart. Jour. 

6, 351. 
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urmes^ of two women in whom there was “total or at least harthl 
occlus.on of the pancreatic ducts.” The urine in one case contained 
625 diastase units. The "different portions” of urine in the second 
case gave values of 625, 1,250, and then 156 to 100 units. Six hundred 
and twenty-five and 1,250 units in the urines of these two patients are 
above the maximum of 500 units found in patients without disease of 
the pancreas. The clinical and pathologic findings on which the diag- 
noses in these cases were based are not given. Whether the "different 
portions” of urine were collected during one or several days is not 
stated. No explanation is offered for the variations in the number of 
diastase units. 


Marino, 13 using Wohlgemuth’s original method, reported 200 dia- 
stase units in the urine of a patient with carcinoma of the pancreas, 
and Wynhausen, 200 and 300 units in two cases, Benczur 0 reported 
250 diastase units in the urine of a patient with cancerous occlusion of 
the pancreatic duct. The diagnoses in these cases were confirmed by 
operation or necropsy. Using Wohlgemuth’s modified method, Cor- 
bett 11 reported 50 to 400 diastase units in the urine from a patient with 
pancreatic carcinoma who came to operation. One hundred units were 
present in the urine of a patient reported by Stocks 12 in which case the 
diagnosis was not confirmed by either operation or necropsy. 

In twelve cases of malignant disease of the pancreas the diastatic 
activity in the urine was "normal” or decreased. Brown s reported a 
case of advanced carcinoma of the pancreas in which the patient’s 
urine contained 333 diastase units (1,500 to 12,000 units regarded as 
normal by his method). Using Wohlgemuth’s modified method, 
Humphrey 14 found 50 diastase units in a case of “either cancer or 
chronic inflammation of the pancreas.” Stocks 12 reported from 12 to 
28 diastase units in the urines in four cases of malignant disease of 
the pancreas in which the diagnoses were confirmed by necropsy. In 
six cases in which a clinical diagnosis of carcinoma of the pancreas 
was made, but unsupported by operation or necropsy, the urines con- 
tained from 5 to 66 diastase units. 

We have estimated the diastatic activity in the urines in three cases 
of carcinoma of the pancreas in which the diagnoses were confirmed 
by operation or necropsy. The stools in all the cases were very fatty. 
The patients were jaundiced. In two of these cases single examina- 
tions of the urine were made. The urine of one patient contained 4 
diastase units and of the other, 40 units. Two samples of the remain- 


13 Marino: Ueber die diagnostische Bedeutung der Diastaseausschiedung fan 
&& Reaction in Pancteatic 

sions, Brit. Med. Jour., 1914, 1 , 1229 . 
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u n split fat. This patient showed no evidences of either gallstones or 
carcinoma of the pancreas at operation. Spriggs and Leigh-, found 20 
diastase units m the urine m a case of chronic pancreatic insufficiency 
witli fatty stools in which careful metabolic studies were made. J 

To summarize: eight cases with confirmed and three with the 
unconfirmed diagnosis of chronic, nonmalignant disease of the pan- 
creas have been collected. The diastatic activity of the urine in eight 
of these cases varies from none to the usually accepted normal. Cor- 
bett’s fiiree cases were above the so-called normal limit. Corbett’s case, 
with 500 units, is the only one in which the figure for diastatic activity 
is greater than we or others have found in cases without pancreatic 
disease. The maximum figure reported for cases without pancreatic 
disease is 400 units by the method used by Corbett. . 

The figures given for the diastatic activity in the urines in cases of 
cyst of the pancreas do not exceed those found by us or reported in 
the literature for patients without disease of the pancreas. Neumann- 
reported 20,000 diastase units in the urine in a case of pancreatic cyst. 
This figure becomes 200 units when calculated according to the terms 
of Wohlgemuth’s modified method. Stocks, 12 Humphrey 11 and Brown 8 
found moderate diastatic activity in the urines in five cases of cyst of 
the pancreas. All of these patients came to operation. 

THE URINE IN TRAUMA TO THE PANCREAS 

Noguchi 3 studied the diastatic activity of the blood and urine in 
three patients in whom injury occurred to the pancreas as a result of 
operative procedures. In the first case the pancreas was manipulated 
during the removal of a tumor from that region. Sixty hours after 
the operation the urine contained 64 diastase units by the modified and 
160 units by the original method of Wohlgemuth. The pancreas of the 
second patient was superficially injured over an area about “Fiinfund- 
cxvandg pfennig" in size. At the end of twenty-four hours the urine 
showed 256 units by the modified and 320 units by the original method. 
A “rather large part” of the pancreas was resected in the third case. 
The urine twenty-four hours after the operation contained 512 diastase 
units hv the modified and 1,280 units by the original method. The 
results ’in these three cases, together with comparable ^findings m 
experimental pancreatic lesions in dogs, to be discusse * er ’ 
Noguchi to believe that the amount of diastatic power in 
depended on the extent of injury to the pancreas. 

~^I^s and Leigh: A Case of Pancreatic Insufficiency, Quart. Jour. Med., 

3913, 11* •it*' T Jrlns ID cut sell. Arch. f. klni* 

18. Neumann: Das diastatische Ferment des Urms, ioems 

Med., 1913, 111 , 164. 
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feces a filtered 10 per cent, extract in 1 : 1,000 sodium carbonate was used. The 
maximum quantity of the fecal extract was 2 c.c. instead of 1 c.c. as with urine, 
otherwise the technic was the same. 

The original method of Wohlgemuth differs from the above-described modifi- 
cation in that 5 c.c, of a 1 per cent, starch solution are employed and the incuba- 
tion time is twenty-four hours. 

DIASTASE IN THE URINE OF PERSONS WITH NORMAL PANCREAS 

Wynhausen, 5 6 using Wohlgemuth’s original method, studied the 
diastatic activity in the urines of 238 patients in whom the pancreas 
was not diseased. He considered the normal limits to lie between 50 
and 156 units in spite of the fact that the urines in six cases contained 
from 200 to 500 units, and in sixty-nine, less than 50 units. The 
majority of subsequent writers have accepted these limits, fixed arbi- 
trarily by Wynhausen, as representing the normal. 

Benczur 0 reported from 10 to 500 diastase units in the urines of 
forty-eight patients in whom the “pancreas was normal.” We have 
collected from the literature 459 cases 7 without pancreatic disease, in 
which the diastatic activity of the urine is expressed in the units of 
Wohlgemuth’s original method. The urines of 171, or 37 per cent., 
of these patients contained less than 50 diastase units. The urines of 
fifty-eight, or 13 per cent., of these patients contained from 100 to 200 
diastase units, in eighteen cases, or 4 per cent., from 200 to 500 units, 
and in three cases, or 0.7 per cent, reported by Wynhausen, “more 
than 500 units.” Cases of nephritis and of diabetes mellitus have been 
included in this list. The statement is frequently found that the dias- 
tatic activity of the urine is low in these two diseases. An analysis of 
the reported figures shows variations from “less” than 20 to “more” 
than 500 diastase units. Brown 8 using a modification of Wohlgemuth’s 
technic, reported from 1,500 to 12,000 diastase units in the urines of 
forty-four normal adults. It should be noted that Brown’s results are 


5. Wynhausen: Quantitative Diastasebestimmungen in Harn, besonders ihre 
Beziehungen zur Nephritis und zum Diabetes Mellitus, Berl. klin. Wchnschr., 
1910, 47 , 2107. 

6. Benczur: Beitrag zur klinischen Verwertbarkeit der Diastasemenge in 
Blutserum und Urin, Wien. klin. Wchnschr., 1910, 23, 890. 

7. Wynhausen: Zur Funktionspriifung des Pankreas, Berl. klin. Wchnschr., 
1910, 47 , 478; 1909, 47 , *1406 ; Quantitative Diastasebestimmung in Harn, 
besonders ihre Beziehungen zur Nephritis und zum Diabetes Mellitus, Berl. klin. 
Wchnschr., 1910, 47 , 2107; Benczur: Beitrag zur klinischen Verwertbarkeit 
der Diastasemenge in Blutserum und Urin, Wien. klin. Wchnschr., 1910, 23 , 
890. Marino: Ueber die diagnostische Bedeutung der Diastaseausschiedung im 
Harn, Deutsch. Arch. f. klin. Med., 1911, 103 , 325. Lindemann: Zur diagnos- 
tischen Bedeutung des Diastasegehaltes in Urin und Stuhl, Ztschr. f. klin. Med., 
1912, 75 , 58. 

8. Brown, T. R.: The Normal Amount of Diastatic Ferment in the Urine and 

Feces and Its Variation in Diseases of the Pancreas, Tr. Assn. Am. Phvs 1914 
29, 547. ' ' " 
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right upper quadrant and epigastrium The te spasm and tenderness in the 
98.6 F. ; leukocytes 27,000 per cmm The urine ^ A° n admission was 

head of the pancreas was found to'be hard swollen At operation the 

out the illness the 
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the epigastrium. Within twenty-four hours the pains became very severe and 
were accompanied by vomiting. Physical examination showed tenderness and 
muscular spasm in the upper half of the abdomen. This was most marked in 
the epigastrium. The admission temperature was 100 F.; leukocytes 27,000 
per cmm. At the operation, August 7, the pancreas was found to be a bloody, 
edematous mass. The patient lived one month. During this time the drainage 
wound constantly discharged. The temperature during the illness varied from 
99 to 103 F. The urine examinations are given in Table 3. 


TABLE 3.— Di astatic Activity of the Urine in Hemorrhagic Pancreatitis* 


Date 

Amount 

Urine, 

C.c. 

: Vlastnsc Units 
in 1 C.c. 1 
* Urine , 

i | 

I 

! 

Fchling's 

Solution 

! Glucose in 
; Urine, 

6m. 

f 

Diastase Units 
in 1 Gm. 
Feces 

8/ 0 

Morning specimen 


Reduced 


[ 

8/ 9 

12-hour specimen 

2o ; 

Deduced 

j 


8/11 

1,300 j 

6 

Reduced 

37.8 


8/12 

500 

S ' 

) 

Reduced 

10.4 


E/16 

Single specimen 

200 I 

Not reduced 

.... 

10 

CO 

*— j 

Single specimen 

20 i 

1 

Not reduced 

* 



* Operation August 7, 


Eight cases of suspected acute pancreatitis and six with the diag- 
nosis confirmed by operation have been collected. To the latter we 
add four cases. Two cases of direct operative injury to the pancreas 
are reported by Noguchi. 3 Of the ten cases of acute pancreatitis with 
confirmed diagnoses, the diastatic activity in the urines in seven was 
on certain examinations higher than the usually accepted normal In 
the urines of two patients the figures for diastase units were higher 
than those reported either in our own series or in the literature for 
patients without evidences of pancreatic disease. In the latter case 
500 units are the maximum reported, while in Lindemann s 1 two cases 
of acute pancreatitis. 1,660 units were present. One of our patients 
showed values of 100 units two weeks after operation and anoti 
200 units ten days after. These figures are not higher than found 
7 per cent, of our series without pancreatic disease and m 4 per ce . 
nollected from the literature. Lindemann assumes tha *e li.ghj.a_ 
static activity in the urine of his patient with fe ftoperitoneal 
was due .to the oressure of the abscess on the duct of the pancreas. 
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or diabetes mellitus. Two cases of chronic nephritis showed 4 and 20 
diastase units in the urines. In twenty-three of these cases the twenty- 
four-hour urines were examined; the remainder were morning speci- 
mens. 

In these cases the degree of diastatic activity in the urines varied 
from 2 to 200 units. The same limits of variations, 2 to 200 units, 
were found in the twenty-four-hour urines of twenty-three patients. 
Seven of these (sciatica, salpingitis, secondary syphilis, hysteria, 
arthritis deformans) showed values of 200 units, and a case of chronic 
appendicitis, 100 units. Concentration of the urines played no role, 
since the quantities of urine containing the largest number of diastase 
units were as great as those urines containing the least number. 


TABLE 2.— Diastatic Activity in Urine of Patients with Normal Pancreas 


Diastase Units in 1 C.c. Urine 

Number of 
Examinations 1 

Number of 
Oases 

2 to 8 

30 

33 

20 to 40 

63 

63 

GO to (0 

6 

5 

100 to 200 

22 

7 

: 


It is evident from our own observations as well as those reported 
by others that the diastatic activity in the urine of patients with normal 
pancreas varies within wide limits; in fact, from a great diastatic 
activity to one so small as not to be demonstrable by this test. Five 
and four-tenths per cent, of our patients and 4 per cent, of those 
reported by Corbett 11 and Stocks 12 showed from 100 to 400 diastase 
units in the urine. These are figures well above Wohlgemuth’s 9 maxi- 
mum normal limit of 64 units. These variations correspond to those 
obtained by Wohlgemuth’s original method, which showed 37 per cent, 
below the minimum normal limit as fixed by Wynhausen 5 and 4.7 per 
cent, well above his maximum normal limit. As in thirty-seven of our 
patients (24.4 per cent.) with normal pancreas the diastatic activity of 
the urine ranged from 2 to 8 units, and in four reported by Corbett 11 
none was present in certain examinations, a low value cannot be 
regarded as evidence of pancreatic disease. 

THE -URINE IN MALIGNANT DISEASE OF THE PANCREAS 

In the following eight cases the diastatic activity of the urine was 
higher than the usually accepted normal limits. Wohlgemuth, 1 using 
his original method, reported studies on the diastatic activity in the 

12. Stocks, P.: The Quantitative Determination of Amylase in Blood Serum 
and Urine as an Aid to Diagnosis, Quart. Jour. Med., 1916, 9, 216. 
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From 100 to 512 d f dl actlVlty W3S present in tile ^ines. 
o 100 to 512 diastase units were present in the urines of seven of 

t ic cases studied by Wohlgemuth’s modified method. By his original 

method the urines in seven cases contained from 250 to 1,660 diastase 

units, and in three cases contained 200 units. As a high diastatic 

activity occurred in the urines in from 4 to 7 per cent, of cases without 

evidences of pancreatic disease, this finding is of limited value as an 

aid in the diagnosis of disease of the pancreas. 


THE URINE IN EXPERIMENTAL PANCREATIC LESIONS. 

_ Wohlgemuth 22 describes the effect on the diastase in the blood and 
urine of tying off the principal pancreatic ducts in three animals. An 
increase in the diastatic power of the urine occurred within twenty- 
four hours and persisted several days. In the first animal, a rabbit, 40 
diastase units were present in the urine before the operation of tying 
the ducts. During the six days following the operation 500, 780, 500, 
780, 200 and 40 units were found. In the second animal, a dog, the 
urine possessed no diastatic activity before the operation. During the 
succeeding six days 80.5, 625, 312.5, 805, 10 and 5 units were present. 
In another dog a “small portion” of the tail of the pancreas was tied 
off. Before the operation the urine contained 10 diastase units and 
during the five days following the operation 50, 200, 125, 50 and 20 
units were present. 

In two dogs the ductus choledochus was tied and cut. Before the 
operation the urines contained no diastatic power. The figures for the 
diastase units the nine days following the operation are 0, 0, 0, 5, 80.5, 
625, 156, 40 and 20 units for one dog, and 5, 5, 20, 10, 40, 156, and 20 


units for the other dog. 

These results at first sight seem to indicate that some factor is 
involved in producing an increase in the diastatic power of the urine 
other than that of injury to the pancreas. Wohlgemuth offers two 
possible explanations. One is that the pancreatic duct may have been 
closed through the formation of scar tissue. But it would not be possi- 
ble for newly formed connective tissue to constrict the pancreatic ducts 
in such a short time. Further, he suggests that there may be some 
nervous relation between the ductus choledochus and the pancreat c 
ducts which results in a functional constriction of the Phreatic d 
when the bile duct is tied. This hypothesis ,s unsupported by any ev, 

I As an increase in the diastatic activity of the urine is kn 

to result from acute pancreatitis, it is more probable that some m »■ 
matron of the pancreas secondary to infection about the common duct 

explains the rise noted. 

a. Wohl g e muth : Beitrag zum Verhata der Diastase fa Urin, Bidden,. 
Ztschr., 1909, 21 , 432 . 
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mg patient were collected on different days and contained 4 and 8 dia- 
stase units. 

To recapitulate: Seven cases with the unconfirmed diagnosis of 
malignant disease of the pancreas and ten confirmed by operation or 
necropsy have been collected from the literature. To the latter our 
three cases are to be added, making thirteen in all. Five of these 
thirteen patients showed an increase in the diastatic activity of the 
urine above the usually accepted normal limits. In one of these the 
diastase power of the urine was at times normal. In none of these 
twenty cases did the diastatic activity exceed that observed in patients 
without pancreatic disease. In two of our three cases and one reported 
by Brown, low values were obtained. But as we have shown, a low 
value may also be found when the pancreas is normal. Hence no 
importance can be attached to a low diastatic activity of the urine in 
the diagnosis of cancer of the pancreas. 

THE URINE IN CHRONIC PANCREATITIS 

Hirschberg, 15 using Wohlgemuth’s original method, reported 25 to 
100 diastase units in the urines in a case of chronic interstitial pan- 
creatitis. Marino 13 found no diastatic power in the urine in a case of 
atrophy of the pancreas and 6 units in the urine in a case of slight 
pancreatic atrophy. The diagnoses in these three cases were verified 
by necropsy. Ehrmann and Kruspe 10 investigated a case in which the 
stools were large, fatty and azotorrheic. Metabolism studies showed 
absorption of 66 per cent, of the fat of the food. The patient was 
jaundiced. At operation the pancreas was found to be very hard 
throughout and the ductus choledochus pressed on by the head of the 
pancreas. Jaundice disappeared after the operation, but the character 
of the stools remained unchanged. Before operation the twenty-four- 
hour urine contained 80, 12.5, and 25 diastase units. Brown 8 reported 
three cases of “chronic pancreatitis” in which the diagnoses were con- 
firmed by operation. The urines contained 500, 750 and 1,500 units, 
respectively (1,500 to 12,000 is considered the normal by his method). 
Corbett, 11 using Wohlgemuth’s modified method, found 100 diastase 
units in the urine of a case with the clinical diagnosis of chronic pan- 
creatitis. He reports 200 to 400 units in the urine of a case of miliary 
tuberculosis, showing a fibroid pancreas at necropsy, but without evi- 
dences of pancreatic disease during life. One hundred to 500 units 
were present in the urines of a patient with jaundice, glycosuria, diar- 
rhea, epigastric pain, loss of weight, and stools containing 96 per cent. 

15. Hirschberg: Zur Funktionsprutung des Pankreas.Dcutsch.med. Wchnschr., 
1910, 36, 1992. 

16. Ehrmann and Kruspe: TJntersuchungen uber Pankreatitis chronica und 
Icterus chronicus, Ztschr. f. klin. Med., 1913, 78, 122. 
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TABLE 5.— Dog 2. Operation August 15 


Date 

Amount of 
Urlno In 

24 Hours 

Diastase Units 

In 1 C.c. 
Urine 

DiaBtaseUnltB 

In 24-Hour 
Urine 

DiaBtaseUnltB 

In l-Bm. 
Stools 

8/11 

450 

2 

000 

10 

8 i/14 

.... 

1 


40 

8/10 

20 

20 

400 


8/17 

150 

200 

80,000 


8/18 

250 

200 

50,000 


8/10 

200 

40 

8,000 

10 

8/21 

SOO 

0 



S/22 

SOO 

4 

1,200 


8/23 

800 j 

4 

1,200 



Dog 2 was subjected to a second operation under ether anesthesia, August 27. 
The pancreas was found to be firmer to touch than normally, but was macro- 
scopically otherwise unaltered. A small piece of pancreas 3 cm. in length was 
excised and another portion was placed in a pocket made in the spleen. 


TABLE 6. — Dog 2. Operation August 27 


Date 

: 

Amount of Urlno 
in 24 Hours 

■ 

DIaBtase Units In 
24-Hour Urine 

Diastase Units In 

1 O.c. Urine 

8/28 

15 

SOO 

50 

8/29 

82 

164 

2 

8/80 

70 

46 

0.66 

' 8/81 

400 

800 

2 


Dog 3.— Female; weight 8.5 kilos; operated on under ether anesthesia, Aug- 
ust 27.' Three pieces of pancreas, freshly excised from another dog, were imbedde 
in the spleen. The pancreas of Dog 3 was not manipulated. 


TABLE 7.— Dog 3. Operation August 27 
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THE URINE IN ACUTE PANCREATITIS 

Hirschberg, 15 using Wohlgemuth’s original method, reported 400 
diastase units in the urine in a case of acute pancreatic necrosis twelve 
hours after operation. ' Two hundred to 250 units were present during 
the succeeding two weeks and 100 to 150 units during convalescence. 
In a second case the urine contained 1,600 units “immediately” after 
operation and oh the second and third days thereafter 55 and 130 units. 
Marino 13 in one case found 200 diastase units in the urine. Linde- 
mann 10 made numerous estimations of the diastatic activity in the 
urines of three operated cases. Two were acute pancreatic necrosis 
and one a “retroperitoneal abscess, which reached up to the pancreas.” 
He assumed that pressure of the abscess occluded the pancreatic duct. 
The diastase in the urines in these cases ranged from 500 to 1,660 
units. As the patients convalesced the diastatic activity decreased, but 
varied between 100 an.d 250 units. Corbett, 11 using Wohlgemuth’s 
method, reported 66 diastase units in a case of acute pancreatic necrosis 
in which the diagnosis was confirmed by operation. Of seven sus- 
pected cases, the urines contained 100 units in two and 50 units in five. 

Using the modified method, we have estimated the diastatic power 
of the urines in four cases of acute pancreatic disease. The diagnoses 
were verified by operation. Brief reports of these cases follow : 

REPORT OF CASES 

Case 1. — Acute pancreatitis. This case occurred in the practice of Dr. F. J. 
Cotton. The symptoms were suggestive of acute cholecystitis. At the operation 
the peritoneum was studded with small points of fat necrosis. The lesser perito- 
neal cavity contained a mass of detritus and some pus. The pancreas, as such, 
was not distinguishable. After the operation large masses of necrotic tissue 
were discharged through the abdominal wound. Microscopically, this necrotic 
tissue was found to be largely fat. After a long period of convalescence the 
wound healed. Two urines in this case, collected one and two weeks after the 
operation, contained 40 and 100 diastase units. , 

The following three cases occurred on the surgical service of the Massachu- 
setts General Hospital: 

Case 2. — Abscess of the pancreas and acute pancreatitis. J. A. R., aged 40, 
No. 193241. For two years the patient had recurrent attacks, twelve in all, 
characterized by abdominal distention, pain and vomiting, coming on a half to an 
hour after a heavy meal. The duration of these attacks varied from a few hours 
to a week. The last attack began five days before entrance to the hospital. 
Physical examination showed the abdomen to be distended. There was tender- 
ness in the epigastrium. In the left hyochondrium was a large, rounded, smooth, 
slightly tender, resilient mass. The urine contained sugar. At the operation an 
abscess of the pancreas containing a quart of pus was opened and drained. 
Eight diastase, units were present in the urine the sixth day after operation. 

Case 3. — Acute hemorrhagic pancreatitis. J. M. M., aged 40, No. 190582. 
’ The onset was sudden. There was constant severe epigastric pain and vomiting. 


19. Lindcmann: Zur diagnostischen Bedeutung des Diastasegehaltes in Urin 
und Stuhl, Ztschr. f. klin. Med., 1912, 75, 58. 
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of the feces This has been demonstrated by the experimental work of 
Wohlgemuth, Wynhausen, and ourselves. That ptyalin of saliva is 

nniib i S °Tj C - e ° f , the d, astase in the feces has been' shown by Wohlge- 
1 * . r]l3S investigator tied the pancreatic ducts in dogs. After the 
operation no diastatic activity was demonstrable 'in the feces. He then 
fed die dogs human saliva, but the stools still remained free from dia- 
static activity. Fuhrmann 24 and Lifschutz 25 have shown that the bac- 
teria of the feces can produce but a very little diastase. 

}\ has bce » considered probable that the estimation of the diastatic 
activity of the feces would give information regarding the functional 
condition of the pancreas, /Destructive lesions of the pancreas or occlu- 
sion of the duct of Wirsung would be expected to be accompanied by 
a decrease in the amount of pancreatic juice entering the intestines. 
This has led investigators to attempt to establish a minimum normal 
for the amount of diastatic activity possessed by the feces. 

Wynhausen 2 reported a minimum of 500 diastase units and a maxi-, 
mum of 20,000 units from the study of 170 stools. He considers 500 
units the minimum normal limit. Hirschberg 15 states that “a number 
of patients in whom the pancreas was normal” gave from 200 to 500 
units of diastase in the stools. Lindemann 10 found a minimum of 100 
units and a maximum of 2,282 units in the stools of twenty-four 
patients without evidences of pancreatic disease. Balint and Molnar 20 
state that “investigations on normal persons show great variations” in 
the diastatic activity of the stools, but give no figures. They report 
three cases of Basedow's disease in which the diastatic activity of the 
stools ranged from 300 units to 100,000 units. Hirayama 27 reported 
from zero to 150 diastase units in the stools in twenty-nine patients 
without pancreatic disease. Friedmann 28 studied the diastatic activity 
in the feces of seventeen patients without disease of the pancreas. The 
figures given are 25 to 50 diastase units in four cases, 250 to 600 units 
in four, 5,000 units in .seven, and 50,000 units in one. Arnold 29 found 
from 125 to 78 0 units in the feces in six cases of intestinal fermenta- 
tive dyspepsia without evidences of diseases of the pancreas. All of 

“T’bSMM mi Molt 5 , r“"zS r pSe“’se S Sr Marrhiien 

nebst Bermerkungen iiber diagnostische Bewertung des Termen g 

Faeces Berl. ktin. Wchnschr., 1910, 47 , 1620. . ,• 

f. exper. Path. u. Therap., 1911, 8 > 624. Amvlase in the Feces 

28. Friedmann : Quantitative Estimafon of TrjP m and Amylase 

and Duodenal Contents, Med. Eec., New or , ' • Garungsdyspepsic, 

29. Arnold : Ueber den Diastasegehalt der i aces 

Zentralbl. f. inn. Med., 1913, 1, 34, 1. 
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On the other hand, Noguchi’s 3 case, in which the pancreas was directly 
manipulated but not noticeably injured, showed no increase in the 
diastatic power of the urine. In his two cases with direct injury to 
the pancreas the figures given for the diastase units by the modified 
method are high. Unusually high figures were'obtained in but one of 
these cases. Thus of the thirteen cases of acute pancreatic affection 
five give figures for the diastase which are higher than found in cases 
without pancreatic disease. In these cases the figures given are 512 
units by Wohlgemuth’s modified method in one case, and from 1,600 
to 1,660 units by the original method in four cases. 

SUMMARY OF THE CLINICAL STUDIES ON THE URINE 

The diastatic activity of the urine has been estimated by Wohlge- 
muth’s modified method in 346 patients without disease of the pan- 
creas; 95.6 per cent, of these cases showed from zero to 80 diastase 
units in the urines. In 450 cases without pancreatic disease, the dia- 
static activity of the urine was estimated by the original method; 
95.3 per cent, of these cases showed from zero to 200 units in the urine. 

The diastatic activity of the urine was determined by one of Wohl- 
gemuth’s methods in sixty-one cases in which the pancreas had been 
diseased, injured, or manipulated. This number includes our cases and 
those collected from the literature. 

In forty-two of these the diagnoses were confirmed by operation or 
necropsy. In five the figures given for diastatic activity in the urine 
are greater than those reported for patients without pancreatic disease. 
In Noguchi’s 3 case of resection of part of the pancreas the patient 
showed 512 units, while 400 units 1 is the highest reported for that 
method in cases without pancreatic disease. Lindemann’s 10 case of 
“retroperitoneal abscess reaching up to the pancreas” showed 1,660 
diastase units in the urine. Hirschberg’s 15 one case and Lindeman’s 10 
two cases of acute pancreatitis gave 1,600 and 1,660 diastase units in 
the urine, while the maximum figure obtained in cases with normal 
pancreas by the method used by these investigators is 500 units. 20 

The diagnosis of pancreatic disease was unconfirmed by operation 
or necropsy in nineteen cases. The figures given for the diastatic 
activity of the urines do not exceed those found in cases without pan- 
creatic disease, except in two cases reported by Wohlgemuth 21 with 
“total, or at least partial, occlusion of the pancreatic duct,” in which 
the urine contained 1,250 and 625 units. 

In seventeen cases, or 40.5 per cent, of the forty-two cases with 

20. Wynhausen: Zur Funktionspriifung des Pankrcas, Berl. klin. Wchnschr., 
1910. 47, 478; 1909, 46, 1406'. Geyelin: A Clinical Study of Amylase in the 
Urine, The Archives Int. Med., 1914, 13, 96. 

21. Wohlgemuth: Ueber cine neue Methode zur quantitativen Bestimmung 
des diaslatischen Ferments, Biochem. Ztschr., 1908, 9, 1. 
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reached the ileocecal valve in one, and to have just entered the trans- 
verse colon in the other case. Enemata at the end of eight hours in 
both these cases produced stools without bismuth. Seventy-five grams 
of bismuth were added to the milk given to the third normal person. 

At the end of seven hours a roentgenogram showed that the bismuth 
had reached the sigmoid colon, but the major part of the bismuth was 
in the terminal ileum and cecum. An enema at the end of seven and 
a half hours yielded a stool which contained no bismuth. Brown’s 
method was also carried out without the use of bismuth on three adults 
who had no.gastro-intestinal disturbance. One gram of charcoal was 
added to the milk. At the end of seven hours the stools of ■ only one 
patient contained charcoal. But if a stool resulting from the milk » 
obtained it will be mixed with (1) the contents of the colon not 
removed by the high enema of the preceding evening, (2) the u 
Xd residue of L light supper; (3) and oft<m. *e rernams of food 
in the stomach or small intestines eaten prior ‘o this m b ^ 

Using Wohlgemuth’s modified method, Stocks 

stalk activity in the stools of a normal person and m 
"meffitus. A stoo, from the man contmnecl 38 diastase 

units. Three stools were collected on differe y ^ ^ units . 
diabetics. The stools of this patient cot i am ’ £m]nd n0 di'a- 

The stools of the other contained 5 ? amdice . 

static activity m the stools m a f the st00 i s 0 f sixty-eight . 

We have estimated the ~c acUvity ot th ^ ^ 

patients without evidences diseases, that is, typhoid 

embrace fifty-two nonfebnle »d two feb ^ ^ of these 

fever and pulmonary tuberculos . t . were the result of 

patients was the "general hospital diet 1 he ^ stools were 

either magnesium sn phate or emtt ok In 
diarrheal. The results are given in Table 
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Wohlgemuth and Noguchi, using the modified method, studied the 
increase in diastatic power in the urine in relation to the extent of 
trauma produced on the pancreas of two dogs. In the first animal the 
pancreas was cut across. The urine contained no diastatic power 
before the operation. Five hourly examinations following the opera- 
tion showed 8, 16, 16, 32, and 64 units. In twenty-four hours 256 
units, and in forty-eight hours 512 units, were present. 

The second animal’s pancreas was traumatized by making a small 
stab wound with a scalpel and lightly squeezing the neighboring pan- 
creatic tissue with the fingers. Before the operation 2 diastase units 
were present in the urine. Six one-hour examinations after the opera- 
tion showed 2, 2, 8, 16 and 16 units. Thirty-two units were present in 
a specimen collected at the end of twenty-four hours, and 32 at the 
end of forty-eight hours. The authors conclude that the time of 
appearance and magnitude of the increase in diastatic power of the 
urine varies directly with the extent of trauma in experimentally- 
produced lesions of the pancreas. But it is to be noted that Wohlge- 
muth 22 found variations in the diastatic activity in the urines of normal 
dogs of from none to 78 units, using his original method. 

We have studied the diastatic activity in the urines of nine dogs. 
In six of the animals the pancreas was traumatized. In one a pan- 
creatic graft was placed in the spleen. Two dogs were narcotized and 
no operative procedures carried out. The results obtained were as 
follows : 

Dog 1. — Female; weight 12.5 kilos; ether anesthesia; operation August 16. 
All of the pancreas except the processsus uncinatus was removed. The dog 
rapidly declined in strength and dropped to 9.3 kilos in weight the fourth day. 
A severe glycosuria developed on the third day (Table 4). No diastatic activity 
was present in the duodenal contents obtained after death, August 22. 


TABLE 4. — Dog 1. Operation August 16 
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t 

Amount ot 
Urine In 

24 Hours 

Diastase Units 

In 1 C.c. 

Urine 

Diastase Units 

In 24-Hour 
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Diastase Units 
in 1-Gm. 
Stools 

i 

8/13 

20 

0 



8/14 

40 

0 
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4 

8/10 

1,000 

2 

2,000 

10 

8/17 
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0.GC 

I 
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8/18 

250 

40 ; 

10,000 : 


8/19 

400 

ioo ! 

40,000 


S/20 
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8 

1,200 


8/21 

150 
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1,200 


8/22 
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Hirayama* Friedmann,-'* and ourselves in patients witlmnf h* - , 
the pancreas. Because of the method usedYy Brown hk fi ° f 

not admit of comparison with those obtained by other ^but the 
values given are low. ' . writers, out the 

THE FECES IN CHRONIC PANCREATITIS 

Using Wohlgemuth’s original method, Hirschberg^ reported no dia- 
stase and 150 units m two stools in a case of chronic interstitial pan- 
creatitis which came to necropsy. The case of Ehrmann and Kruspe 10 
discussed earlier in this paper, contained “repeatedly small amounts of 
ferment, but later frequently normal or increased content of the dia- 
stase. After a return to “normal” diastatic activity the azotorrhea 
persisted. No figures for diastatic activity are given. Brown s esti- 
mated the diastase activity of the stools in six cases of “chronic pan- 
creatitis.” The diagnoses were all verified by operation ; “a small hard, 
diseased organ being found in each case.” The diastase units in each 
case were 8,000, 7,500, 12,000, 8,000, 7, 500 and 3,300 units. These 
figures cannot be compared with those of other writers, because of the 
difference in the method used. The values are low, however, since 
Brown considers 60,000 units the minimum normal limit. The diastatic 
activity in the feces of all these reported cases of chronic pancreatitis 
is low. But it is not lower than has been found in cases without pan- 
creatic disease. The feces of forty-one, or 11.7 per cent, of these 
patients, contained less than 200 diastase units, 

THE FECES IN ACUTE PANCREATITIS 

Using Wohlgemuth’s original method, Hirschberg 15 estimated -the 
diastatic activity in the stools in two cases of acute pancreatic necrosis. 
During the third week after operation the feces in one case contained 
85 units and “during convalescence” 185 units. The stools in the sec- 
ond case contained from none to 46.5 units during the first week fol- 
lowing the operation. On the seventh day a stool resulting from castor 
oil contained 1,000 units. When the stools “became of normal con- 
sistency, from 200 to 250 diastase units were found.” Wynhausen- 
reported thirty units in the stools in two cases of acute hemorrhagic 
pancreatitis. It is not stated that the diagnoses in these two cases were 
confirmed by necropsy or operation, Lindemann*” made numerous 
estimations of the diastatic activity in the feces m two cases of ac t 
pancreatic necrosis and in a case of a “retroperitoneal , al >^ ss J ea * g , 
up to the pancreas.” In the first case of acute necrosis the stools ; co 
tained from 70 to 28.7 diastase units in the period WvroentfK sec 
and nineteenth day following the operation. Fww th fifth ^ 
seventh week the figures range from 532 to 287.5 _ • J 

after Operation the stools in the second, case contained 100 d.astase 
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That pieces of pancreatic tissue imbedded in the spleen rapidly 
undergo autolysis Pratt and Murphy 23 have found. The experiment 
on Dog 3 dearly shows that destruction of foreign pancreatic tissue 
may produce an increase in the diastatic activity of the urine. 

In Dog 5 all of the pancreas but a portion 3.5 by 3 cm. of the 
processus uncinatus was excised. A pancreatic graft 3 by 5 cm. was 
placed in the spleen and an emulsion of pancreatic tissue also injected 
into the spleen. No rise in diastatic activity in the urine occurred in 
the five days succeeding the operation. 

Two dogs from which all of the pancreas but the processus 
uncinatus was removed showed no diastatic power in the urines for 
the forty-eight hours succeeding the operations. From the second to 
the fifth day following a similar operation in another dog the diastase 
values were 10, 4, 2, and 1 units per c.c. of urine. 

The effects of ether anesthesia on the diastatic activity of the urine 
were studied. Two dogs were narcotized with ether for two and a half 
hours. The urines for the following twenty-four hours contained 30 
and 20 diastase units per c.c., and those on the succeeding day 1 and 
4 units. As Wohlgemuth, 22 using his original method, found 7.8 to 78 
diastase units in the urine of a normal dog, it is possible that the 
figures found in our two narcotized dogs represent nothing more than 
normal variations, but it is more probable that the administration of 
ether was the cause of the relatively high diastatic values. 

In two of our animals (Tables 4 and 5) an increase in the diastatic 
activity of the urine occurred in from one to two days following injury 
to the pancreas. This increase persisted from one to four days. 

Our findings are materially different from those of Wohlgemuth 
and Noguchi. They observed an increase in the diastatic activity in 
the urine in every animal examined in which the pancreas was injured, 
while none was present in the urine of two of our dogs. In all of their 
experiments the maximum increase occurred on the second day after 
the operation, while in our series Dog 1 had the greatest increase on 
the third day and Dog 2 on the first day after the second operation. 
The increase was less in our experiments than in those reported by 
these investigators. Only one of our dogs had 200 units of diastase in 
the urine. Wohlgemuth observed a rise to 805 in one of his experi- 
ments and 780 in another. 

DIASTATIC ACTIVITY OF THE FECES 

The diastase found in the feces is probably a product of the secre- 
tion of the pancreas. The exclusion of the pancreatic juice from the 
intestines is followed by a marked diminution of the diastatic activity 

23. Pratt and Murphy: Pancreatic Transplantations in the Spleen, Tour Exoer 
Med., 1913, 17 , 252. ' 
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" cas ? s Showed from none to 50 diastase units in the feces 
The diastatic activity remained low in but four of these cases in which 
more than one stool was examined. The finding of low values in such 
a large percentage of persons with normal pancreas detracts greatly 
from the value of the estimation of the diastatic activity of the feces 
as an aid in the diagnosis of diseases of the pancreas. No one has 
made a large number of estimations in cases without pancreatic disease 
m which there was a greatly diminished or absent diastatic activity of 
the feces. It is quite possible that at times high values for the diastatic 
power would be found in such cases. This is made probable by the 
great fluctuation in the diastatic activity found in the stools in thirteen 
of our cases (Table 9). Lindemann 10 found similar variations in the 
stools of seven persons without pancreatic disease. A large number of 
estimations of diastatic activity have been made in the stools in five 
cases of pancreatic disease. In two cases of acute pancreatitis reported 
by Lindemann, persistently low values were found. In three other 
cases variable figures are reported. These three cases are discussed in 
the section on the factors that influence diastatic activity. 


THE FECES IN EXPERIMENTAL PANCREATIC LESIONS 


Wynhausen cut and tied the "pancreatic ducts” in a dog and par- 
tially separated the pancreas from the duodenal wall. After the opera- 
tion there were "large amounts of diastase in the feces (500 and more 
units).” At a second operation three weeks later "part” of the pan- 
creas was completely normal and “part” showed -a marked "pan- 
creatitis.” A patent duct communicating with, the duodenum was 
found. This was tied and cut. A considerable part of the pancreas 
was extirpated and the remaining portion was cauterized with the 
Paquelin cautery. The dog developed glycosuria and lost weight. Two 
days after this second operation the feces contained 500 diastase units, 
one week later 10 units, and on subsequent examinations, 12.5 and 

5 units. 

Wohlgemuth makes the statement that no diastatic activity is pres- 
ent in the feces of dogs in which the pancreatic ducts are occluded, 
while the feces of normal dogs contain a' high diastatic activity. He 
gives no figures or protocols and the number of dogs examined is not 


stated. i 

We have studied the diastatic activity in the feces of three no™ 

dogs and, also, in two of these animals after e^l«dtn| pan 
secretion from the duodenum. One of the dogs (Table = 4) showed 
diastase units in the stools before exclus.on of 

the intestines, while six days after the operation 10 P , ost ; n 
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these investigators used Wohlgemuth’s original method. Rotky, 30 writ- 
ing in 1913, considers the establshment of a normal as impossible from 
the results given by different authors. 

Altogether, figures for the diastatic activity of the stools of 350 
patients have been collected from the papers of Wynhausen, 2 Hirsch- 
berg, 15 Lindemann, 10 Balint and Molnar, 20 Hirayama, 27 Friedmann, 28 
and Rotky. 30 No diastatic activity was present in the stools of nineteen 
of these patients. 27 In the stools of seven patients there were from 

25 to 50 diastase units. ( In the stools in 302 cases from 200 to 20,000 

diastase units were present. . Friedmann 2S reported 50,000 diastase 
units in the stools in one case, and Balint and Molnar 20 100,000 in 
another. The stools in forty-one, or 11.7 per cent, of the 350 cases, 

contained from none to 200 diastase units. Brown 8 modified Wohlge- 

muth’s technic and studied the diastatic activity in the feces of fifteen 
healthy men and women. By Brown’s method the number of diastase 
units contained in the entire amount of feces collected is computed. 
Variations of from 60,000 to 240,000 diastase units were found. He 
considers 60,000 units as representing the minimum normal limit. 
Brown's method consists of a special meal of 750 c.c. of milk given at 
7 a. m., and followed by y 2 ounce of magnesium sulphate at 7 :30 a. m., 
and again at 8 a. m. At 8 :30 a. m. a glass of water containing tea- 
spoonful of sodium bicarbonate is taken. The stools are collected up 
to 2 p. m., and if less than 400 gm. are obtained, an enema of a pint of 
water is given. The preceding evening the patient receives a high, 
enema and is allowed only a very light supper. 

The feces are collected over a period of seven hours. Certainly 
stools passed within the first few hours cannot result from the milk 
ingested. We found large amounts of vegetable fiber in the stools of 
two patients on whom Brown’s method had been carried out. This- 
came from vegetables eaten the day previous to the test. It is question- 
able how often the milk reaches the rectum in the seven hour period. 
Roentgenographers consider that it takes the bismuth meal used in 
gastro-intestinal studies from seven to nine hours to pass into the 
cecum. Hertz 31 has shown that the magnesium sulphate does not affect 
the motility of the small intestines, but acts only on the colon. Hence, 
by Brown’s technic, the magnesium sulphate will have spent its effect 
on the colon before the milk meal has reached the cecum. To test this 
point the technic of the method was carried out on three normal adults. 
Forty grams of bismuth were added to the milk taken by two of these. 
Roentgenograms at the end of seven hours showed the bismuth to have 

30. Rotkv: Ucbcr den Diastasegelialt der Faeces, Miinchen. med. Wchnschr 
1913. 60, 2158. 

31. Hertz. A. F.: Constipation and Allied Intestinal Disorders, London, 1909, 
pp. 9 and 279. 
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absOI ! ption o£ pancreatic juice from the intestines 
d influence the quantity of diastase in the feces. Boldyreff 3 * has 
shown that pancreatic secretion is normally absorbed from the intes- 
ines in dogs. \ anations m the secretion of pancreatic diastase could 
produce corresponding differences in the diastase content of the feces. 
Crohn - states that the diasiatic activity of the feces roughly corre- 
sponds to that of the duodenal contents. Both Crohn 32 and Holsti 35 
found that tile diasiatic activity of different specimens of pancreatic 
juice varied widely. Crohn obtained pancreatic secretion by means of 
the duodenal tube, while Holsti made observations on a young man 
with a traumatic fistula. We have studied the effect of bacteria on the 
diastalic activity of eight stools from different persons. Portions of 
each stool were incubated at 3S C., refrigerated, and kept at room tem- 
perature for three days. Estimations of the diastatic activity were 
made at the beginning of the experiment and at the end of twenty-four, 
forty-eight, and seventy-two hours. The different portions of the same 
stools showed equal degrees of diastatic activity regardless of whether 
they were incubated, refrigerated, or kept at room temperature. 

Strasburger 30 investigated the effect of different foods on the dia- 
static activity in the stools. His experiments were carried out on three 
persons without pancreatic disease. He concludes that the kind of 
food eaten has no effect on the diastatic power of the feces. Corbett 11 
states that “the ordinary variations in hospital food from milk to full 
diet does not appear to have much influence on the output of diastase." 
Hawk 37 found that water drinking increased the diastatic power of the 


stools. 

Strasburger 30 reported a large diastatic activity in the diarrheal 
stools from five patients. A small amount was found in the stools in 
two cases of constipation. From these findings he concludes that diar- 
rhea causes an increase and constipation a decrease in the diastatic 
activity of the feces. We found in the stools of seven constipated per- 
sons with normal pancreas, no diastatic activity in five, 25 units in one 
and 3 units in one. In the case with 3 units two liquid stools resulting 
from magnesium sulphate each contained 3 units. Hirayama 2 ' reported 
from zero to 50 units in the stools of nine patients with diarrhea. . VV e 
found from zero to 12 units in the diarrheal stools of seven patients 


34. Boldyreff, W.: Eirige neue Seiten der Tatigkeit des Pankreas, Ergebn. 

. Physiol., 1911, 121. . PnnW M s<?erkretion beim Menschen, 

35. Holsti: Beitrage zur ICenntms der Pankreasserkreuon » 

)eutsch. Arch. f. klin. Med., 1913, 3, • ... TZaecvseaehrane' nebst allge- 

36. Strasburger: Wei, ere yutersucbuugen uta F» cesge f stuMe> 

leincti Bemerkungen uber das J'» stat, = c “ c , Cr ™"' 

leutsch. Arch. f. klin. Med., 3900, 67 , Function Under the Influence 

Meais. Ths Aacsiras 

[ED., 3911, 8, 382 and 552. 
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stools contained less than 50 diastase units. Stools collected on differ- 
ent days were examined for the diastatic activity in thirteen cases. It 
was found that variations exist in the. diastatic power of different 
stools from the same case. That this variation is often great is shown 
in Table 9. 

THE FECES IN MALIGNANT DISEASE OF THE PANCREAS 

Using Wohlgemuth’s original method Wynhausen 2 reported 10 to 
30 diastase units in the stools in two cases of carcinoma of the pan- 
creas. The diagnoses in both cases were confirmed by necropsy. 
Wynhausen 2 found 12.5, 20 and 30 diastase units in the “different” 
specimens of feces from a patient with a tumor in the head of the 
pancreas. At operation this tumor was found to occlude the duct of 
Wirsung. The character of the tumor is not stated. Using his own 
technic, Brown 8 reported 1,200 diastase units in the stools in four cases 
of carcinoma of the pancreas. The diagnosis in two of these cases 
was verified by operation. 


TABLE 9. — Variations in Diastatic Activity in Stools from the Same 

Patient 


DJnstnsc Units 
in 1 Gm. 

Feces 

Number | 
of Exami- ! 
nations i 

i 

Number 

of 

Oases 

! 

Diagnosis 

! 

0 to 20 

- 1 

4 

> 

2 

! Hepatic cyst; typhoid fever 

0 to 70 

6 ; 

2 

Sprue; intestinal infantilism 

7 to 400 

9 

4 

Neurasthenia; chronic nephritis; chronic 
appendicitis 

40 to 400 

2 1 

1 

Sciatica 

7 to 2,000 

2 1 

1 

Suppurative sinusitis 

400 to 2,500 

4 I 

2 

Secondary syphilis; carcinoma of prostate 

1,000 to 5,000 

£ I 

i j 

Neurasthenia 


We have estimated the diastatic activity of the stools in the three 
cases of carcinoma of the pancreas previously discussed in the section 
on the urine in this disease. These patients came to operation or 
necropsy. They were all jaundiced. The feces contained large quan- 
tities of fat and a small amount of undigested muscle of fiber and 
starch granules. No diastatic activity was present in the feces of one 
patient. In a second case the stool contained 40 diastase units. Seven 
and no diastase units were present in two stools, collected on different 
days, from the third patient. At the necropsy in this case the duct of 
Wirsung was found to be completely occluded. 

In our three cases of carcinoma of the pancreas and in the two 
reported by Wynhausen the diastatic activity in the feces is low. 
Nevertheless, the figures are not lower than those obtained by 
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THE ARCHIVES or INTERNAL MEDICINE 
- CONCLUSIONS 

1. The estimation of the diastatic activity of the urine is of ver} 
slight value in the diagnosis of pancreatic disease. In rare instances, 
however, a large amount of diastase is present-more than 500 units 
per cubic centimeter. This finding strongly suggests disease of the 
pancreas. 

2. The diastatic activity in the urines of persons with normal pan- 
creas varies widely. 

3. Injury to the pancreas of dogs may be followed by a marked 
increase in the diastatic activity of the urine, but this does not always 
occur. 

4. Ether anesthesia may increase the diastase in the urine oi dogs. 

5. The estimation of diastatic activity in the feces is of slight value 
as an aid to the diagnosis of disease of the pancreas. 

6. Obstruction of the pancreatic ducts in man results in a low 
diastatic activity in the feces. 

7. The diastatic activity in the feces of persons without pancreatic 
disease varies widely. 

8. The absence of diastatic activity in constipation and in other con- 
ditions, in which the pancreas is normal, is probably due to complete 
absorption of the diastase by the intestines. 

9. Exclusion of pancreatic secretion from the intestines in dogs is 
followed by a marked diminution or absence of diastatic activity in 

the stools. 

317 Marlborough Street. 
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units. On the twelfth day following the operation a slough of pan- 
creatic tissue was expelled through the operation wound. During the 
next week from 1,000 to 660 diastase units were present in .the feces. 
The stools in the case of a “retroperitoneal abscess” contained five days 
prior to operation, 99.5 diastase units ; three days prior, 237 units, and 
the day before, 250 units. Lindemann assumed that the pancreatic 
duct was occluded by pressure of the abscess. At operation an ilcac 
fecal fistula was made. The fistulous discharge contained from 2,286 
to 5,375 units. In one case Lindemann 10 made, the diagnosis of pan- 
creolithiasis. The diagnosis was not confirmed by operation or nec- 
ropsy. The stools in this case contained from 8 to 17 units during the 
first five weeks of the illness; 625 to 1,000 units were present in the 
stools during the two succeeding two weeks. Crohn 32 found no dia- 
static activity in the duodenal contents or stool in a case of acute 
pancreatitis. 

We have estimated the diastatic activity of the stools in Cases 1 
and 4 of acute pancreatitis. These cases were discussed in the section 
on the urine in acute pancreatitis. The stools were liquid in character. 
Otherwise they were macroscopically and microscopically normal. No 
diastatic activity was present in the stools in the case of acute pan- 
creatic necrosis two and four weeks after operation ; 10 diastase units 
were found in the stool in the case of acute hemorrhagic pancreatitis 
nine days after operation. 

In nine cases of acute pancreatitis the diastatic activity of the feces 
has been estimated. Low values were found in all. In a case of 
Lindemann’s 10 and one of Hirschberg’s 15 the diastatic activity increased 
during convalescence. The same was true in Lindemann's case of 
pancreolithiasis. 

SUMMARY OF THE CLINICAL STUDIES ON THE FECES 

The diastatic activity of the feces is reported in twenty-three cases 
of pancreatic disease in which the diagnoses were verified by operation 
or necropsy. In three additional cases the diagnoses were not con- 
firmed. These twenty-six cases include those collected from the liter- 
ature and the ones reported by ourselves. The values given for dia- 
static activity cannot be compared on a numerical basis because of the 
differences in the methods used. But they are all low. The diastatic 
activity although low, does not differ from that found in the stools in 
patients without disease of the pancreas reported by us or reported in 
the literature. The stools of forty-one persons, or 11.7 per cent, of 
those without disease of the pancreas, collected from the literature, 
contained from zero to 200 diastase units. Thirty-two, or 51.6 per 


32. Crolm: The Functional Activity of the Pancreas, Am. Tour. Med. Sc 
1913. 145, 393. 
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and Roth 0 found, after injections of epinephrin, a distinct rise in the 

1°U “ ” Pat i entS WWl thiS disease ' also showed 

t af the blood sugar m adrenalectomized dogs regularly falls during 

l iat t lC amhial sur vives. The experiments of Bierry and 
Mallosel 6 confirmed this observation. They found that the concentra- 
tion of sugar in the blood, after extirpation of the adrenals, fell to 
one fifth or one half of the original amount and remained, there. They 
also showed that these animals were more resistant to epinephrin injec- 
tions than normal animals so far as the production of hyperglycemia is 
concerned. More will be said about these observations later on in dis- 
cussing the phase of carbohydrate metabolism affected by the adrenal 
secretion. It is obvious, however, from what has been said, that the 
adrenal glands by means of their internal secretion, and in particular 
by the active principle of the medullary portion, play some part in car- 
bohydrate metabolism. The possibility that this power to alter and in 
part control the metabolism of sugar bears some relation to the 
pathogenesis of diabetes mellitus is, of course, of the greatest impor- 
tance, and one which has formed the chief stimulus to the investiga- 
tions. With this possibility in mind we shall review the experimental 
work and hypotheses which have been offered to explain the mechan- 
ism by which the secretion of the adrenals affects the storage and 
combustion of carbohydrates. 

But before entering on a consideration of this question it will be 
well to recall briefly the important facts in normal carbohydrate metab- 
olism. Carbohydrate food enters the body by the alimentary tract in 
the form of sugars and starches. By the action of diastatic enzymes 
of the saliva and pancreatic secretion the latter are split into sugars.. 
In the intestine, chiefly in the upper portion of the small intestine, the 
sugars are acted on by the enzymes of the intestinal mucosa, namely, 
invertase, maltase and lactase, and thereby converted into one or other . 
of the monosaccharids. By far the largest portion of the ingested car- 
bohydrate is absorbed in the form of dextrose, but levulose and galac- 
tose have also been demonstrated in the portal blood. In the liver, 
glycogen is formed from these sugars and stored within the hepatic 
cells, probably by the action of an enzyme (glycogenase?) which is 
present in the liver cells. This formation of glycogen, which depends 
chiefly on glucose, but also to a slight extent on levulose and galactose, 
is called glycogenesis. Whenever the cells of the body, especia y e 
striated muscles, require glucose for heat or energy needs, ^ glycogen 
stored in the liver is broken down by the glycogenase, 
discharged into the hepatic veins, and thus to the general circulation. 

~ (S Fuchs” and Roth: Ztschr. f. esper. Path. «. Therap, M2, 10, 1S7. 

I'. SETjrtWtai: Compt. rend. Soc. dc bio.., .908, 00, 232. 
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the dog was killed. No diastatic activity was present in the duodenal 
contents collected at the necropsy. 

In Dog 2 (Table 5), 10 and 40 diastase units were present in the 
stools prior to the operation in which ligatures were placed around a 
portion of the pancreas. Pancreatic juice was not excluded from the 
intestines. On the fifth day following the operation the stools con- 
tained 10 diastase units. 

In another of our dogs 200 diastase units were present in the stools 
nine days before the operation. The pancreas was completely sepa- 
rated from the duodenal wall and all of the gland except the processus 
uncinatus extirpated. No diastatic activity was found in the feces of 
this dog on the sixth day following the 'operation. The contents of the 
duodenum and jejunum removed at the necropsy of this animal showed 
no diastatic activity. 

From these findings the conclusion is justified that exclusion of 
pancreatic secretion from the intestines in dogs is followed by a marked 
diminution, or by an absence, of the diastatic activity in the stools. 

FACTORS INFLUENCING THE DIASTATIC ACTIVITY OF THE FECES 

That a lack of pancreatic secretion is not the only cause of a low 
diastatic activity in the feces is suggested by the following observa- 
tions : 

• 1. The diastatic activity may be low or absent when the pancreas 
is normal. The stools in 11,7 per cent, of the patients with normal 
pancreas collected from the literature contained less than 200 diastase 
units; nineteen showed no diastase and seven less than 50 units. In 
nine of our sixty-eight cases with normal pancreas, the stools contained 
no diastase, and in fifteen the number of units was 10 or less, 

2. Great variations occur in different stools from the same patient 
without any change in diet or in the patient's apparent condition. This 
is shown in Table 9. 

3. The diastatic activity in the contents of the small intestine may 
be high and yet that of the stools low. In Lindemann's case of “retro- 
peritoneal abscess” the intestinal contents discharged from the fistula 
contained from 2,286 to 5,375 diastase units, while during the week 
prior to operation from 99.5 to 250 units were present in the feces. 
Werzberg 33 examined the diastatic activity of the intestinal contents in 
a case of carcinoma of the pylorus. At necropsy the pancreas was 
found to be normal. The contents of the duodenum and of the small 
intestines contained 1,533 diastase units, while the contents of the colon 
showed but 100 units. 


33. Werzberg: Zur Diagnostik der Pankreaserkrankungen, Arch. f. 
Verdauungskr., 1911, 17, 533. 
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normally, glyconeogenesis could not explain the metabolic changes bl- 
owing an increase of the circulating epinephrin. Such an increased 
production of carbohydrate would be quite comparable to carbohydrate 

ceding in a normal animal — the excess would either be stored as 
glycogen or oxidized. 


It is not necessary to discuss the possibility that epinephrin affects 
the process of sugar absorption by the intestines ; suffice it to say that 
there is neither theoretical reason nor experimental evidence pointing 
to any such action. 

We shall, therefore, proceed to examine the experimental data and 
the conclusions which may be drawn from them in so far as they 
throw light on the remaining theoretically possible explanations of the 
mechanism of the epinephrin action. 

Blum’s results were promptly confirmed (Zuelzer, 0 Metzger, 10 Herter 
and Richards, 11 Paton, 12 Lazarus 13 ), and it soon became well established 
that the injection of 1.0 mg. of epinephrin per kilo of body weight is 
followed by a glycosuria which appears in one half to two hours, and 
may last a few hours to a day or longer. Moreover, it does not matter 
whether a saline extract of the fresh gland be employed or one of the 
pure products, such as the adrenalin chlorid (Aldrich, 14 Takamini 15 ), 
the epinephrin of Abel, 10 adrenin, or the synthetic product. 17 

First Zuelzer 0 and then Metzger 10 and Paton 12 showed that the 
glycosuria is accompanied by an hyperglycemia, thus ruling out the 
possibility that the mechanism is similar to that of phlorizin diabetes, 
in which, despite glycosuria, there is hypoglycemia, and probably a 
lowering of the threshhold for sugar excretion by the kidney. Vosburg 
and Richards 18 obtained, after epinephrin injections, a more marked 
hyperglycemia in well fed animals than in those which had been 
starved, suggesting thus that the glycogen stores had been called on to 
give up glucose to the blood. Poliak 10 showed that both hyperglycemia 
and glycosuria are more readily produced by subcutaneous than by 
intravenous or intraperitoneal administration. He explains this by the 
assumption that the carbohydrate mechanism is more sensitive to 
epinephrin than the vasoconstrictors, and that the slow absorption after 
subcutaneous injections allows the epinephrin concentration of the 
blood to rise only to a level at which the carbohydrate mechanism is 


9. Zuelzer: Berl. k!in. Wcllnschr 1901, 38, 1209. 

10. Metzger: Munclien. med. Wchnschr., 1902, 12 , 4/8. 

11. Herter and Richards: Med. News, New \ork, 1902, 80, 20 . 

12. Paton: Jour. Physiol., 1903, 29, 286. 10n o j 1977 

13. Lazarus: Cited by Shafer, Brit Med Jour., 1908, 1, 1277. 

14. Aldrich: Am. Jour. Physiol., 1901 5, 45/. 

16. f. ii% 2 °Ts7 m 28> 3ia 

a JsHSff aw* 

19. Poliak: Arch. f. exper. Path. u. Fharmakoi., w . 
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and 400 units in another. These findings strongly suggest that the 
absence or diminution of diastase in the feces is often the result of 
absorption of the pancreatic secretion. In constipation, as is well 
known, absorption of the digested food is unusually complete, and this 
explains the absence of diastase. Bacterial action, as we have shown, 
does not destroy diastase. In some cases of diarrhea the absorption 
from the liquid intestinal contents may be good, as metabolism studies 
may show a normal absorption of nitrogen, carbohydrates, and fat even 
when the peristalsis is very active. Hence, the absence of diastase 
found in diarrhea is probably due to its absorption and not to its 
destruction. 

Alkalies, neutral salts and acids influence the action of ferments. 33 
The effect of these substances on the diastatic activity of the feces has 
been studied. Hawk 37 states that the accelerating effect of acids is 
without importance in clinical studies. Rotky 30 studied the effect of 
s different concentrations of sodium chlorid on the diastatic activity of 
the dried feces. Different concentrations of salt mixed with the same 
stool produce variations ranging from zero to 427 units. Ury 30 studied 
the diastatic activity in the dried stools of one normal person. He 
claimed that senna increased, and magnesium sulphate decreased, the 
diastatic activity of the feces. But many of the highest values found 
by us were present in stools resulting from the administration of 
magnesium sulphate. 

The chief cause of a diminished diastatic activity of the feces, and 
the only one that is clearly understood, is an absence of pancreatic 
juice or a diminished amount in the intestine. This would occur when 
,the pancreatic ducts are occluded or the pancreatic tissue extensively 
diseased. If the duct of Wirsung alone were closed, pancreatic secre- 
tion would enter the duodenum through the accessory ducts. Never- 
theless, the reported cases of obstruction of the duct of Wirsung have 
been accompanied by a low diastatic activity in the feces. 

A low or absent diastatic activity of the feces is not conclusive 
evidence of a diminution or a lack of pancreatic secretion entering the 
intestines, as it is found in many cases without pancreatic disease. 
Lindemann 70 considers that for diastase determinations to be of value 
in diagnosing disease of the pancreas there must be a high diastase 
content in the urine and a low content in the feces. This occurred in 
three of our cases with normal pancreas. 

3S. Oppcnhcimcr, C. : Die Fcrmcnte und ihrc Wirkungen, Leipzig, 1909, Ed. 3, 

p. 102. 

39. Ury: Ucber den quantitativen Naclnvcis von Fermcnten in den Faeces 
Biochcm. Ztsclir., 1909-1910, 23, 143. 
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still capable of causing hyperglycemia and glycosuria after the glycogen 
depots of the body have been exhausted. 

r “ ? f * hese ^estions has been definitely settled. Doyon and 
Kareffr Gatin-Gruzewska, 24 Agadschanianz 2 * and Poliak 2 * have shown 
that epinephrin diminishes the quantity of glycogen in the liver . 
bchirokauer and Wilenko 27 went a step further and showed that the 
increased glycogenolysis in animals treated with epinephrin is not 
dependent on an increased production of liver diastase. Furthermore, 
Gatin-Gruzewska 24 and Agadschanianz 22 demonstrated that the muscles 
also lose glycogen. So far as I am aware there are no trustworthy 
experiments contradicting this conclusion. 

If the second of these questions could be answered affirmatively, it 
would constitute a strong support for the view that epinephrin acts not 
merely on the liver, causing it to discharge glycogen, but also that it is 
capable of raising the concentration of the blood sugar, either by inter- 
fering with the glycolytic processes in the tissues or by inducing glyco- 
neogenesis, or by inhibiting the pancreas. It becomes necessary, there- 
fore, to examine more closely the evidence on which conclusions have 
been based as to the effect of epinephrin on animals whose livers have 
been rendered glycogen-free. 

Blum, 1 in his early communications, asserted that epinephrin gly- 
cosuria occurred even when the glycogen stores had been exhausted 
before the injection, but his conclusion was based on the assumption 
that starvation alone will remove all the glycogen from the liver. This 
is open to question, because P Auger 25 has shown that a dog after starv- 
ing twenty-eight days still contains enough glycogen to form 100 gm. 
of sugar. Ringer 20 found no increase in glycosuria following epi- 
nephrin injections after the liver had been rendered glycogen-free by 
phlorizin. This, however, is not convincing proof, because little is 
known of the action of phlorizin, beyond the fact that it lowers the 
threshhold for sugar excretion by the kidney. It may also interfere 
with the mechanism involved in epinephrin glycosuria. Paton 12 and 
Herter and Richards 11 offered evidence in support of Blum. They 
found that dogs which had been either fasted or fed on a diet of 
material from which no glycogen could be formed and then phlomined, 
still responded with glycosuria to epinephrin injections It seems.doubt- 
ful, however, that the animals were glycogen-free before the mjec i . 
Frank and Isaac 30 found that after dogs were poisoned with phos 

~23. Doyon" and Kareff: Compt. rend Soc. de biol. 1904 56, 66. 

24. Gatin-Gruzewska : Compt rend Acad d e S c 142, 1165. 

2*5 Atradschanianz : Biochem. Ztschr., 1907 , t * ‘ ^ 

K*£fc: Arch, f =, r ft* V P1 rS ?° m ® 

27. Schirokauer and Wilenko: Ztschr. . ^ ■ 

28. Ffliiger : Arch. f. d. Sg-/XnSllM5 " 

29. Ringer .' Jour. “per. Med., 1M » TI)Crap ., m0, 7, 326. 

30. Frank and Isaac: Ztschr. t. exper. 



THE SUPRARENAL SYSTEM AND CARBOHYDRATE 

METABOLISM * 

GEORGE M. MACKENZIE, M.D. 

" NEW YORK 

Prior to the experiments of Blum 1 in 1901, when he demonstrated 
that injections of a watery extract of the adrenal glands constantly 
give rise to glycosuria in dogs, very little attention had been given to 
the action of the suprarenal secretion on metabolism. Claude Ber- 
nard’s 2 conception of an internal secretion enunciated in 1855, and the 
publication, in the same year, of Thomas Addison’s book containing 
his observations on the association of a definite clinical syndrome with 
pathologic changes in the adrenal glands, prepared the way for Brown- 
Sequard’s 3 well known experiments. His conclusions, though in part 
erroneous, were epoch-making. Because of the stimulus it supplied 
to investigations in the new field of internal secretion, the value of this 
work was tremendous. But so far as the adrenals were concerned, 
these early researches had been confined chiefly to studies of their 
effect on blood pressure, local changes in the tissues and blood vessels 
at the site of injection, and to general symptoms following extirpation 
experiments. 

Abundant experimental data, and much speculation as to the role 
of the adrenal secretion in carbohydrate metabolism has accumulated 
in the fifteen years since Blum’s observation. This work has, for the 
most part, represented efforts to discover the mechanism by which the 
suprarenal system, and more particularly the adrenal glands them- 
selves, intervene in sugar metabolism, with the idea constantly present 
that they may be implicated in the perversions of metabolism in dia- 
betes mellitus. 

In addition, however, to the glycosuric effects of epinephrin injec- 
tions, there are other observations which indicate that the adrenals 
affect the metabolism of carbohydrates. Porges 4 and later Bernstein 5 
reported a lowering of blood sugar in Addison’s disease, while Fuchs 

* Received for publication Nov. 9, 1916. 

* From the Department' of Pathology, College of Physicians and Surgeons, 
Columbia University', New York. 

1. Blum: Deutsch. Arch. f. klin. Med., 1901, 71, 146; and Arch. f. d. gcs. 
Physiol. (Pfluger's), 1902, 90, 628. 

2. Bernard, Claude: Lemons de physiologic cxperimentelle au College de 
France, Paris, 1855. 

3. Brown-Sequard : Compt. rend. Soc. de bio!., 1889, pp. 415. 420. 430, 451. 

4. Porges: Ztschr. f. klin. Med., 1909, 69, 341. 

5. Bernstein: Berk klin. Wchnschr., 1911, 48, 1874. * 
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in the muscles are inadequate for this. Michaud’! 


U S 33 


do f s with Edds fistulas are important inTd y T ne 
did epmephrm cause a rise in blood sugar. His animals remained in 
good condition after the operative interference, a condition which has 
usually been lacking in experiments aimed to settle this point, and one 
which has doubtless contributed to the contradiction of results. Poliak 34 
induced convulsions with strychnin in starved rabbits, presumably gly- 
cogen-free. Although it did not produce hyperglycemia, epinephrin 
did cause a disturbance in carbohydrate metabolism, shown % by the 
deposition of glycogen in the liver. 

It is not easy to give a definite interpretation of the experimental 
data mentioned; experiments of many types have been performed to 
determine whether the glycosuric and hyperglycemic action of adrenal 
persists without available glycogen in the liver, but, as the above men- 
tioned investigations show, there has been by no means a uniformity 
in the results. Perhaps the experiments of Poliak 20 and Michaud 33 are 
the most significant; from them we may conclude, with some reserve, 
however, that an available supply of glycogen in the liver is essential 
for the production of hyperglycemia by epinephrin injections, and, 
furthermore, that an excess of epinephrin in the blood stimulates the 
formation of glycogen in a glycogen-free liver. But there are other 
reasons, besides those advanced by Poliak, which lead us to believe 
that epinephrin has some influence on glycogen formation, as well as 
on glycogenolysis. Schwarz, 35 using rats, because they survive adrenal- 
ectomy for a long time, determined the glycogen content (Pfluger’s 
method) after both adrenals had been extirpated, and found only mere 
traces or complete absence of glycogen. He concludes that after 
adrenalectomy the power to store glycogen is lost. This work has been 
confirmed by Kahn and Starkenstein, 30 who not only demonstrated a 
loss of liver glycogen following adrenalectomy, but demonstrated also 
that such animals acquire an unusual tolerance for epinephrin. 

I have administered large quantities of glucose intravenously and 
by the alimentary tract to adrenalectomized dogs, and have found that 
when, by thus saturating the organism with sugar, the concentration of 
sugar in the blood has been raised to 560 mg. per 100 c.c., little or no 
glycogen is demonstrable in the liver cells when stained by Bes s 
method. Control animals which have been starved, but not adremd«- 
tomized, receiving the same amounts of sugar per ktl °; b °A'3 ; 
show abundant glycogen granules in the hver ceils. Smceje h 
that an excess of epinephrin in the blood causes a disdrar„e of gy 

33. Michaud : Verliandl. d. deutsch. Kongr. f. inn. Med., Wiesbaden, 

3 f Poliak: Arch, exper. Path u. Pta™"-; sWbWm' 259. 

— « • - Arch. d. ges. Physiol. (Pflugers;, 
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This process by which glucose is formed from glycogen is termed 
glycogenolysis. The tissues of the body either burn the glucose thus 
brought to them by the blood stream, forming carbon dioxid and 
water as the end-products, or they store it as glycogen. So accurately 
adjusted is this mechanism by which the liver supplies the circulating 
blood, and, indirectly, the tissues, with glucose, according to the tissue 
requirements, that the concentration of the glucose of the blood 
remains practically constant, despite great variations in the quantities 
the tissues use. Normal well-fed dogs made to run on the treadmill 
almost to the point of exhaustion show little, if any, alteration in the 
glucose concentration of the blood, despite the enormous consumption 
by the muscular tissues entailed during such exercise. Under physi- 
ologic conditions the blood sugar is kept between 70 and 100 mg. per 
100 c.c. of blood. But in order that these processes shall proceed in 
this way it is essential that the islands of Langerhans be functionating. 
Removal of the pancreas promptly upsets this mechanism; the blood 
sugar rises, glycosuria appears, the glycogen stores become impover- 
ished, and the animal presents an essentially complete picture of dia- 
betes mellitus. 

Any disturbance in this mechanism for sugar control is promptly 
shown by changes in sugar concentration of the circulating blood. 
Overproduction by the liver, that is, hyperglycogenolysis, is at once 
followed by a rise in the sugar of the blood. Diminished or arrested 
consumption, that is, a disturbance in glycolysis, produces a similar 
result. 

Following an injection of epinephrin there occurs some disturbance 
in the physiologic sequence of events just outlined, a disturbance mani- 
fested by the appearance of considerable quantities of sugar in the 
urine. One or m<3re of the several phases of carbohydrate metabolism 
must, therefore, be affected either in rate or character. We must con- 
sider each of the possibilities: does epinephrin alter the process of 
sugar absorption from the intestine ; or is it in the processes of forma- 
tion or breaking down of glycogen that it intervenes ; or does it affect 
the oxidation of the sugar; or does it act on the internal secretion of 
the pancreas, rendering it incapable of exerting its normal control of 
sugar metabolism; or, finally, does it simulate the action of phlorizin 
and lower the threshhold for sugar excretion by the kidneys? 

There is, perhaps, one further possibility which, alone, could hardly 
account for the epinephrin effects, but as an ancillary factor, might 
play a part. This is glyconeogenesis, or the formation of glucose from 
protein. If epinephrin caused the breaking down of the protein mole- 
cule and the liberation of the carbohydrate fraction, this could increase 
the effects of such a carbohydrate disturbance as epinephrin products ; 
but with glycogenic, glycogenolytic and glycolytic processes proceeding 



.602 


MEDICINE 


THE ARCHIVES OF INTERNAL 


the other hand, on the glycogen of the liver, converting it to glucose 
Or we can think of it as producing its effects by controlling the blood 
supply of the liver, the changes in the condition of the carbohydrate in 
the liver being then dependent on the constriction or dilatation of the 
blood vessels. We may also, as some investigators hold, believe that 
its action depends on a specific power to affect the internal secretion 
of the pancreas. Finally, if it could be shown that glycogenesis and 
glycogenolysis are controlled by nervous impulses carried by the 
sympathetic, the well known stimulating effects of epinephrin on 
sympathetic nerve endings might conceivably explain the mechanism. 


That there is an intimate relation between the nervous system and 
the sugar content of the blood has long been well known. Sixty-one 
years ago Claude Bernard 2 published the results of his observations 
on the appearance of glycosuria following puncture of the floor of the 
fourth ventricle. Many investigators have been interested since then 
in studying experimentally the mechanism by which piqure glycosuria 
is brought about. 

Naunyn 37 found a hyperglycemia of 0.81 per cent, four hours after 
piqure. Because of the inexactness of the methods of blood sugar 
determination, these early observations are open to question. Bang, 
Ljungdahl and Bohm, 88 however, found a blood sugar of 0.38 per cent, 
after piqure in rabbits, and this has been confirmed by others. 
Eckhardt 30 and later Pfliiger 40 agreed with the opinion of Bernard that 
the stimuli produced by piqure are carried directly to the liver by way 
of the splanchnics. Blum’s 1 discovery of epinephrin glycosuria, how- 
ever, suggested at once that epinephrin might be a factor in piqure 
glycosuria. That the secretion of epinephrin is under the control of 
the sympathetic has been well established (Asher, 41 Popielski, 42 Tsche- 
boksareff 43 ). Poliak 44 showed that piqure and other centrally acting 
causes of hyperglycemia are ineffective if the splanchnics are severed, 
and Macleod and Pearce, 45 by electric stimulation of the splanchnics, 
produced hyperglycemia. The results of Waterman and Smit, 48 who, 
using the Meltzer-Ehrmann reaction as a test for increase of epinephrin 
in the blood, claimed to have demonstrated an increase following 
piqure, have met with some opposition. Later researches by Kahn, 47 


V7 Naunvn • Arch. f. exper. Path. u. Pharmakol., 1874, 3, 85. 

38. Bang, Ljungdahl and Bohm : Beitr. z. chem. Physiol, u. Path. (Hofmeis ), 

39. ' Eckhardt: Beitr. z. Anat. u. Physiol., 1869, 4, 4, 138. 

40*. Pfliiger : Das Glykogen, Ed. .2 ,1905. 

41. Asher: Centralbl. f. Physiol, 1910 137, 927 

42. Popielski: Arch. f. d. %VlS7. 137. 

43 Tscheboksareff : Centralbl. f. Physiol., > 

44 Poliak : Arch. f. exper. Path u. Phannakol 376. 

45. Macleod and Pearce: Am. Jour. ( ’p flii g e r’s), 1908, 124, 198. 
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affected, while the more rapid entrance of the epinephrin into the cir 
culation after intravenous or intraperitoneal injection raises the con 
centration in the blood sufficiently high to cause vasoconstriction. Con 
sequently a diminished amount of blood passes through the liver, air 
thus less glucose is mobilized. Straub 20 and Ritzmann , 21 on the basi 
of infusion experiments, have shown that the glycosuria runs almo; 
parallel with the epinephrin concentration of the blood, and Ritzman 



Chart 1. — Blood sugar curve in depancreatized dog, with extirpation 
adrenals. Ordinates = per cent, reducing substance in blood. Abscissa = tim 
Each square — two hours. 

puts forward the idea that epinephrin acts to maintain, by sympathel 
stimulation, a Zuckcrtomts as well as a Gefiisstonus. Underhill’; 
experiments with epinephrin infusions corroborate Ritzmann’s resul 
Satisfactory investigations as to the parallelism between sugar ai 
epinephrin concentrations in the blood are lacking. 

Of considerable importance in determining how and where ej 
nephrin acts is, first, the question of the effect of epinephrin injectio 
on the glycogen content of the liver, and, second, whether or not it 

20. Straub: Munchcn. rued. Wchnschr., 1909, 56, 493. 

21. Ritzmann: Arch. f. exper. Path. u. Pharmakol., 1909, 61, 233. 

22. Underhill: Jour. Biol. Chem., 1911, 9, 13. 
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that piqure causes a loss of chromaffin substance from the adrenals 
and from this concluded that piqure stimulates the secretion of epi* 

nSlTn • F " M f? and5 ° fo ™ d piqure in adrenalecl 
d animals xs followed by marked hyperglycemia, but they found 

no sugar m the urine. They concluded that its hyperglycemic action 
does not depend on the adrenals, but results from direct stimulation of 
the hver. Wertheimer and Battez 00 found that dogs and cats exhibit 
a difference in their reaction to piqure. Adrenalectomized cats showed 
a marked glycosuria (3.63 to 17.5 gin.) after piqure, but dogs on which 
they performed similar experiments, showed none. Gautrelet and 
Thomas 01 stimulated the splanchnics after extirpation of 'the adrenals 
and found no glycosuria. 


That the blood sugar curves 02 after epinephrin injections and after 
piqure are different affords some evidence against the view that the 
mechanism is similar, but the great variability of the curves after 
piqure makes deductions from this hazardous. 


Perhaps the most illuminating experiments dealing with this prob- 
lem are those of Macleod 03 and his collaborators. Realizing that the 
disturbances of respiration and circulation following piqure vitiate, in 
part at least, the hyperglycemic effects of this procedure, he demon- 
strated that the cava blood contains an increased quantity of reducing 
substance after stimulation of the great splanchnic nerve with the 
adrenals intact. After excision of the gland on the left side, stimula- 
tion of the nerve on the same side causes no rise in the blood sugar. 
Gautrelet and Thomas 01 had obtained results similar to these, but since 
this did not prove that the hyperglycemia was due to an increased 
secretion of epinephrin, Macleod went further and elaborated a type 
of experiment first done by Kaufmann, 04 He sectioned the nerve path 
between the adrenals and the liver, that is, *the hepatic plexus. When 
this was done he found that stimulation of the left splanchnic was only 
rarely followed by an increase in the sugar of the blood, and that when 
this occurred it was less intense than usual. The conclusion from this 
is that it cannot be merely an increased epinephrin secretion which 
causes the hyperglycemia. He then applied electrical stimulation 
directly to the hepatic plexus and found that when the adrenals were 
intact such stimulation caused a striking hyperglycemia, whether the 
fibers central to the point of stimulation were cut. or uncut. In t xe 
absence of the adrenal glands, however, stimulation of the hepatic 
plexus had no effect. The conclusion arrived at from these expert- 


59. Freund and Marchand: Arch. f. euper. » « ^rmakol, M 

60. Wertheimer and Battez: Compt. rend. S . gi, 233 

61. Gautrelet and Thomas : Compt. rend Soc. de btoL, 1909. 07. 233. 
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phorus no hyperglycemia followed epinephrin injections. Phosphorus 
is known to cause a disappearance of the liver glycogen, but the absence 
of epinephrin glycosuria during such a profound metabolic disorder as 
phosphorus causes does not settle the question, Velich 31 found no epi- 
nephrin glycosuria after extirpation of the liver in frogs. Falta and 



Chart 2. — Blood sugar curve in depancreatized dog with Eck fistula and 
ligation of liver stalk. (The first portion of this curve was made for another 
experiment in which the effect of exercise on the blood sugar was being studied.) 
The rapid and uninterrupted drop in the amount of reducing substance in the 
blood after the liver was excluded from the circulation is very striking. Ordi- 
nates represent per cent, of reducing substance in the blood. Abscissa — time : 
Each square = two hours. 

Priestly, 32 using rabbits, tied off the liver vessels and found that, despite 
epinephrin injections, the blood sugar fell to 0.04 per cent. The con- 
clusion from this seems to be that the liver glycogen is essential for 
the maintenance of the blood sugar level, and that the glycogen stores 


31. Velich: Virchows Arch. f. path. Anat., 1906, 184, 345. 

32. Falta and Priestley: Berl. klin. Wchnschr,, 1911, 48, 2102. 
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invokes the theory advanced by Eppinger, Falt'a and Rudinger 74 
l egal ding the specific interaction of the adrenals and pancreas They 
found that in depancreatized dogs injections of epinephrin caused an 
increase m the sugar excretion, and a rise of the D: N ratio* but the 
objection has been made that they offer no proof that the diabetes was 
complete before the epinephrin was injected. Ringer 29 failed to pro- 
duce an increase in the glycosuria of fully phlorizinized dogs by epi- 
nephrin injections. Zuelzer’s 72 observations that injections of pancreas 
extract rendered epinephrin nonglycosuric seemed to support the view 
that after pancreatectomy the diabetic manifestations appear because 
the internal secretion of the adrenal is then permitted, free from pan- 
creas opposition, to act as a stimulus on the sugar output of the liver; 
but it was later shown that 73 many irritating substances when injected 
intraperitoneally have the same inhibitory effect on epinephrin glyco- 
suria. Fnigoni , 74 however, found that the inhibitory effect is obtained 
when the extract and epinephrin are injected subcutaneously. Loewi 
found that after removal of the pancreas the serum has an increased 
mydriatic power, and believes that this is due to the action of the epi- 
nephrin in the serum from which the inhibiting pancreatic secretion 
has been removed. He found human diabetic patients more susceptible 
to epinephrin mydriasis than normal controls. 

Biedl and Offer 75 found that the lymph from the thoracic duct con- 
tains something which antagonizes the action of epinephrin on the 
excised frog’s eye, and also inhibits epinephrin glycosuria. Believing 
this substance to be the internal secretion of the pancreas, they support 
the view of a mutually inhibitory action by the pancreas and adrenals. 

A few experiments on the effect of adrenal extirpation on pan- 
creatic diabetes in animals have been attempted. The difficulty here 
has been that the animals die so soon after removal of the adrenals 
that conclusions drawn from blood sugar determinations while the 
animals were in a moribund state are untrustworthy. Frouin 76 extir- 
pated about three quarters of the adrenal substance from animals 
which had previously been rendered diabetic by removal of the pan- 
creas. He found that the intensity of the diabetes was decreased as 
compared with controls. Mayer 77 destroyed by cauterization the 
adrenals of depancreated dogs, but the animals survived the operation 
only an hour. In experiments on cats he removed the adrenals in two 
stages, and found that they then lived two to five hours after the opera- 
tion. In each of three cases there was a fall in the blood sugar. 


71. Eppinger, Falla and Rudinger: Ztsdir . f. Min. Med., 1909, 66, 1. 

72. Zuelzer: Berl. klin. Wchnschr., 1909, 46, 1209. 

73. Von Fur th and Schwarz: B j oche 1 T; R Zt ^ ir j’ fin6 ’ ’ 

74. Frugoni: Berl. klin. Wchnsclir., 190 8 , 45, 1606. _ 

75. Biedl and Offer: Wien khn Wchnschr 1907 20, 1550. 

76. Frouin : Compt. rend. Soc. de biol., 1908, » • 

77. Mayer: Compt. rend. Soc. de biol., 1908, 60, 
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cogen from the liver, the observation that a diminished amount of 
epinephrin in the blood is associated with an absence of glycogen, car- 
ries with it the conclusion that epinephrin performs a double function, 
so far as glycogen metabolism in the liver is concerned. It is necessary 
for glycogenesis, and when present in excess it stimulates glycogenolysis. 
Or, stated in another way, when it is absent, glycogen storage is 
inhibited; when it is present in excess, the transformation of glycogen 
to glucose is accelerated. 



Chart 3 . — Blood sugar curve in depancrcatized dog after extirpation of the 
adrenals, followed by intravenous injection of glucose solution — 2 gm. per kilo. 
Ordinates = per cent, of reducing substance in blood. Abscissa = time: a-b each 
square — two hours ; b-c each square — one-half hour. 

Having now satisfactory evidence that the internal secretion of the 
adrenals intervenes in carbohydrate metabolism in these two ways, we 
must proceed to examine the data which throw light on the chemical 
or physical processes by which these functions are performed. We can 
imagine that such a mechanism is dependent on direct hormone action 
within the liver cells, the epinephrin acting, on the one hand, on the 
glucose brought by the portal blood, converting it to glycogen, and, on 
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If it could be shown that the suprarenal secretion possesses the 

— ' ’the fhe ,° X d , ati0 , n ° £ *** *■». it would z:; 

support the view, which has here and there cropped out in the literature 

of the subject that in diabetes the basic fault is an excess of secretion 
by the adrenals or a diminished inhibition of this secretion by the pan- 
creas. Experiments on the respiratory quotient and heat production 
supply the most significant facts in determining whether or not epi- 
nephrin affects glycolysis. 1 

The respiratory quotient represents the ratio of the amount of 
carbon dioxid formed to the amount of oxygen required in the com- 
bustion of foodstuffs. Glucose, having sufficient oxygen to combine 
with all the hydrogen present to form water, will require for every 
molecule of carbon dioxid foTtned. one molecule of oxygen. Plainly, 
then, the glucose respiratory quotient ( R . Q .) is 1. In the case of pro- 
tein the R. Q. is 0.81. Fat contains relatively less oxygen and con- 
sequently has a lower R. Q. This has been found to be 0.70. When, 
therefore, an animal is burning carbohydrate the R. Q. will be high; 
if he is burning only protein or protein and fat it will fall somewhere 
between 0.70 and 0.81. 

Wilenko 82 studied the influence of sugar ingestion and epinephrin 
administration in rabbits under urethane anesthesia. He found (1) 
that epinephrin has little or no effect on the R. Q. of fasting rabbits, 
the carbohydrate stores having presumably been exhausted; (2) that 
epinephrin depresses the physiologic elevation of the R. Q. after admin- 
istration of carbohydrate; (3) that intravenously administered glucose 
in epinephrin animals appears quantitatively in the urine. His conclu- 
sion is that epinephrin diminishes the ability of the organism to bum 
sugar. La Franka 83 had previously reported experiments in which he 
found a lowering of the R. Q. in phlorizin and pancreas glycosuria, 
but no change after epinephrin administration. Hari 84 starved dogs 
twenty- four -to thirty-six hours, and then after curarizing them, 
injected epinephrin intraperitoneally and intravenously. He found that 
the epinephrin increased the R. Q., indicating that more sugar was 
burned after the injections than before. Fuchs and Roth,® in two cases 
of Addison’s disease, found a distinct rise in the R. Q. after subcu- 
taneous epinephrin injections. Similar results have been reported by 
Falta 85 Lusk 80 has attempted to settle this question by experiments 
with the respiration calorimeter. He found that epinephrin admin- 
istered twenty-one hours after food ingestion does not ^prevent 
oxidation of glucose in a well-nourished dog. He also inj ect P 

82. Wilenko: Biocbem. Ztschr., 1912 42, 44. 

83. La Franka: Ztschr. f. exper. Path. a. Therap., 1909, 

84. Hari: Biochem. Ztschr., 1911, 38, 23. • . 

85. Falta: Die Erkrankungen der Blutdrusen. lPn, p. 

86. Lusk: The Archives Int. Med., 1914, 13, b/6. 
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Lopez, 48 and v. Brucke 49 failed to confirm the findings of Waterman 
and Smit. It should be remembered that the tests for epinephrin in 
the blood are not as precise as could be desired 90 and the results 
reported should not be too readily accepted. There are four more or 
less reliable physiologic tests for the presence of minute quantities of 
epinephrin in the blood: (1) its mydriatic (dilatory) action on the 
pupil of the excised frog’s eye; (2) its effect in raising the arterial 
blood pressure; (3) its power of lessening the rhythmic contractions 
of the longitudinal coat of the intestine immersed in Ringer’s solution ; 
(4) its stimulating action on the rhythmical contractions which occur 
in the excised uterus of the virgin rabbit in oxygenated Ringer’s solu- 
tion. The reason for caution in interpreting such results is that serum 
may contain substances which stimulate and substances which inhibit 51 
the action of epinephrin. Borberg, 52 using an improved technic for 
the Meltzer-Ehrmann reaction, found a marked rise in the adrenalin 
content of the adrenal vein after diabetic puncture. Kahn, 53 more- 
over, on the basis of indirect evidence, believed that piqure caused a 
discharge of epinephrin. He found a decrease of chromaffin substance 
in the adrenals after piqure, and assumed from this that there was an 
increased secretion. Jarisch 54 was unable to confirm this. Trendelen- 
burg and Fleischhauer 55 offered further indirect evidence against the 
view that piqure is followed by an increased concentration of epi- 
nephrin in the blood. They determined the amount of epinephrin 
which, by continuous intravenous infusion, would produce a glycosuria 
equivalent to that following piqure, and observed that when such 
amounts of epinephrin were in the blood there was at the same time a 
marked rise in the blood pressure. Since this is absent after piqure, 
they believe that an hyper-adrenalinemia is not the essential factor 
in piqure glycosuria. 

Further evidence as to the role of the adrenals in the production 
of piqure hyperglycemia and glycosuria is found in the numerous 
experiments on the effect of piqure or splanchnic stimulation after 
extirpation of the adrenals. Mayer 50 did piqure on twenty-five adren- 
alectomized rabbits and failed to produce glycosuria. Landau 57 con- 
firmed this. Kahn 58 found that after extirpation of the adrenals rab- 
bits showed no glycosuria. In later experiments, 53 however, he found 

48. Lopez: Arch. f. d. ges. Physiol. (Pfliiger’s), 1912, 145, 311. 

49. Von Brucke: Miinchen. mcd. Wchnschr., 1911, p. 13S9. ■ 

50. Maclcod : Diabetes, London, 1913. 

51. Stewart: Jour. Expcr. Med., 1911, 14, 377. 

52. Borberg: Dissertation, Kopenhagen, 1912, 

53. Kahn: Arch. f. d. ges. Physiol. (Pfluger’s), 1913, 140, 209. 

54. Jarisch: Ztschr, f. expcr. Path. u. Therap., 1933, 13, 520. 

55. Trendelenburg and Fleischhauer: Ztschr. f. d. ges. expcr. Med., 1913, 1, 369. 

56. Mayer: Compt. rend. Soc. dc biol., 1906, 60, 1123. 

57. Landau: Experimentelle Ncbennieren-Studien, Dorpat, 390S. 

5S. Kahn: Arch. f. d. ges. Physiol. (Pfliigcr’s), 1909, 128, 519. 
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were injected it is evident that the intravenously administered glucose 
was recovered quantitatively in the urine, and there is no evidence tS 
any sugar was burned. Moreover, sections of liver and striated muscle 
taken immediately after death, fixed in absolute alcohol and stained by 
Best s picrocarmin method, showed no evidence of glycogen. One may 
conclude from this that not only was there no restoration of glycolytic 
power, but also no return of the power to store glycogen after extirpa- 
tion of the adrenals. 


It is evident from this review of the experimental work designed 
to clear up the problems of the relation of the adrenal secretion to 
glycolysis, that the weight of evidence favors the view that they are 
unrelated. Wilenko’s ’experiments on the respiratory quotient changes 
after epinephrin injections have not been confirmed by other investi- 
gators, and Zuelzer’s conclusion, founded on a disappearance of reduc- 
ing substance from the blood after adrenal extirpation, is based on 
insufficient evidence. We must conclude, therefore, that epinephrin 
does not interfere with the process of sugar oxidation by the tissues. 


CONCLUSIONS 


To conclude, it seems that we are justified, from the work that has 
been done, in accepting the following view of the relation of the supra- 
renal system to carbohydrate metabolism: 

1. Nervous stimuli, especially of the sympathetic, represented by 
piqure or splanchnic stimulation, are followed by an increased secretion 
of epinephrin, and this hyperadrenalinemia like that following epi- 
nephrin injections, causes hyperglycemia and glycosuria in part by 
inhibiting glycogenesis, and in part by furthering glycogenolysis. 

2. The hyperglycogenolysis thus produced is dependent partly on a 
direct stimulation of the liver cells and partly on its action in rendering 
the receptive material between the sympathetic nerve endings and the 
liver cells more sensitive to nervous stimulation. 

3. Epinephrin does not produce its effects by inhibiting glycolysis, 
and the disturbances in sugar metabolism following its administration 
have little or nothing to do with the loss of glycolytic power, which is 
probably a part of the altered metabolism in diabetes melhtus. 

4. A specific physiologic relation between the islands of Langerhans 

and the adrenal medulla is unproved. 

5. Adrenalectomized dogs show a diminution of the power to form 


glyC 6 ° g FollowTng Extirpation of the adrenals in depancreatized dogs 
there is a rapid disappearance of hyperglycemia. ... d 

7 Sugar administered to such animals is neither exited 

stored as glycogen, but appears quantitatively in the un . 
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merits is that only when the adrenal glands are intact is it possible, by 
stimulation of the nerves supplying the liver, to excite hyperglycogen- 
olysis and hyperglycemia. Some influence exercised by the adrenal 
glands is- evidently essential for the functional integrity of the nerves 
which control the process of glycogenolysis. That this role of activat- 
ing the receptive substance which, according to the experiments of 
Elliott 85 and others, is believed to lie between the nerve terminations 
and the cell substance, is not out of harmony with the fact that an 
excess of epinephrin in the blood causes an increase of glycogenolysis, 
is shown by other experiments of Macleod. Hyperglycemia was pro- 
duced by injecting epinephrin into the portal vein after the sympathetic 
stimuli had been stopped by cutting the hepatic plexus. This explana- 
tion of the mechanism by which epinephrin produces its glycosuric 
effect has recently been substantiated by the work of Freund , 88 Taking 
advantage of the fact that rabbits have a collateral liver circulation 
through diaphragmatic vessels which is sufficient to prevent necrosis 
when the hepatic artery is tied, he cut 'the hepatic artery and hepatic 
plexus before doing piqure. His results were not entirely constant, 
but on the whole indicated that piqure does not cause hyperglycemia 
unless the nerve path between adrenals and liver is intact. Hence 
piqure hyperglycemia is not dependent on an increase of epinephrin in 
the blood. 

The possibility that the internal secretion of the adrenals interferes 
with the pancreatic control of carbohydrate metabolism by a specific 
inhibitory action, is an attractive theory, but one for which sound 
experimental proof is still lacking. In the first place it is not yet clear 
just what role in carbohydrate metabolism is played by the pancreas. 
The secretion which performs this function has never been isolated. 
The effects of removal of the gland are well known, but just how it 
acts when present, it is impossible to say. From the work of Hedon 07 
and later that of Lombroso , 88 MacCallum 05 and Forschbach 70 it may 
be accepted as an established fact that the pancreas, independent of its 
external secretion, and of the nerve connections, performs an impor- 
tant function in the mobilization or utilization of glucose, and that 
probably this is accomplished by an internal secretion. Investigators 
are divided on the question of whether or not the hyperglycemia and 
glycosuria of pancreatic insufficiency are due to a primary under- 
consumption or a primary overproduction, and it is not necessary for 
our present purpose to discuss this question, except insofar as it 

65. Elliott: Compare Swale Vincent: Ergebn. der Physio!.. 1910, 9, -151, 

66. Freund: Arch. f. exper. Path. u. Pharmakol., 1914, 76, 311. 

67. Hedon : Compt. rend. Soc. dc bio!., 1890. 
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69. MacCallum: Bull. Johns Hopkins Hosp,. 1909, 20, 265. 

70. Forschbach : Deutsch, med Wchnschr., 1908, 34, 910; Arch. f. exper. Path, 
u. Pharmakol.. 190S, 60, 131. 
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isopropylhydrQcuprem, isobutylhydrocuprein and isoamylhydrocuprein 
Indeed if the value of ethylhydrocuprein in this respect be represented 
by 1,. then that of isopropylhydrocuprein = % to y 4 , isoamylhydrocu- 
prem — / 20 and quimn = % co . Isbutylhydrocuprein is no more potent 
m tins respect than quinin itself, nor does hydroquinin appear to be of 
much greater value. 

Shortly after the publication of these studies of Morgenroth and 
his collaborators, the drug ethylhydrocuprein was placed on the market 
under the trade name of “optochin” (the free base, the hydrochlorid, 
and, later, the salicjdicacidester) and use was made of it in the treat- 
ment of acute lobar pneumonia in man. In the great majority of 
recorded cases it was administered by mouth.' 

Little being known regarding the dosage of this drug in man, it is 
not surprising that in several of the earlier cases its exhibition led to 
alarming and untoward symptoms, such as tinnitus, deafness, amblyopia 
or amaurosis, and that, even at the present time, opinion among clin- 
icians is by no means unanimous regarding either its value or its 
dosage. The results of studies made by one of us (M.) on the action 
of ethylhydrocuprein on type strains of the four main serologic groups 
of pneumococci, 2 and on the pneumococcidal action acquired by the 
serum of rabbits after its administration, 3 led to the present investiga- 
tion. Its main object was to discover how the dosage of the drug 
might be regulated in man. In this endeavor we were helped by a 
study of the literature, for the clinical experience therein recorded 
seemed to fix the upper limit of dosage, beyond which it was not safe 
to go, at about 1.5 gm. per twenty-four hours, given by mouth. In no 
case reported in the literature have we been able to discover the weights 
of the patients treated, and, accordingly, we have been forced to take 
this upper limit as that for a patient of average size. 

It is difficult to arrive at a valuation of the drug in acute lobar 
pneumonia from a perusal of the published treated cases, because of 
contradictory opinions; whereas Wright 4 thinks it ' inefficacious or 
doubtfully efficacious, and Parkinson 5 states that it has little or no 
effect on the course of pneumonia in man, many authors express favor- 
able opinions. It would appear that the earlier writers on this subject 
used unsuitable doses, while the later observers used a ™ 

nearly approaching the optimum, and perhaps for this reason 

better results. 


2. Moore, H. F.l Jour, Exper. Med., 1915, » ® 

3. Moore, H F : Jour. Eicpev Med., » W ;» 5 ’ and DoJgso „, R. W.: 

4. Wright, A. E., Morgan, W. F., Coleoroo , 

ancet, London, 1912, 2, 1633 and 1701. I9i3, Orig., % L 

5. Parkinson, J.: Ztschr. f. Chemotherapy u. verw. w 
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I have studied the effect of adrenal extirpation in the following 
way : The right adrenal, being the more difficult of the two to remove, 
is extirpated at the first operation. The animal is then allowed a week 
or more in which to make a complete recovery from the operation. 
Such dogs show no signs of adrenal insufficiency. At the second opera- 
tion the pancreas is removed. When the blood sugar has risen to a 
diabetic level the left adrenal is extirpated. This is an easy operation, 
and can be done through a lumbar incision in twenty minutes. During 
the time that the animal survives, frequent blood sugar determinations 
are made, and the results plotted in a curve. Such an experiment on a 
dog is represented in Chart 1. It will be seen that following removal 
of the pancreas the blood sugar rose rapidly from the normal level 
(0.100 per cent.) to 0.305 per cent. Then the second adrenal (left) 
was removed. After a short rise, doubtless due to nerve stimulation 
during the operation, the blood sugar rapidly and uninterruptedly fell 
to normal. The dog survived the operation twenty-three hours, and 
during the first five or six hours after recovery from the anesthetic 
remained in good condition. This experiment has been repealed several 
times with the same result. The complete results of these experiments 
will shortly be published. 

We see, therefore, that a considerable mass of evidence has 
accumulated to support the theory of a specific interaction between the 
adrenals and pancreas. None of it, however, is completely convincing. 
We shall revert to this question later on, after having considered the 
possibility that the adrenal secretion affects the power of the tissues, 
particularly of the muscles, to utilize sugar. 

But first the explanation offered by Edmunds 78 and recently sup- 
ported by the work of Mann and Drips 70 must be mentioned. Bcne- 
dicente 80 and Pemberton and Sweet 81 believed that because there is a 
diminished flow of the external secretion of the pancreas following 
epinephrin injections, there was also an inhibition of the secretion of 
the islands of Langerlians. Edmunds, however, offered evidence in 
support of the view that the diminished pancreatic secretion is merely 
consequent on the vasoconstriction produced by epinephrin. The 
increased flow after adrenalectomy is due according to Mann and Drips 
merely to the changes in blood pressure, decreased temperature, etc., 
incident to the moribund condition. It is, therefore, clear that before 
the specific relationship between islands of Langerlians and adrenal 
medulla be accepted, the effect of alterations in the blood supply of 
the pancreas after adrenalectomy or epinephrin injections must be 
excluded. 

7S. Edmunds: Jour. Pharm. and Expcr. Therap., 1911, 2, 559, 

79. Mann and Drips: The Archives Ixt. Med., 1915, 16, 6S1. 

80. Bencdiccntc: Arcb. d. biol., 1905, 95, 1. 

SI. Pemberton and Sweet: The Archives Ixt. Med., 1908, 1, 028. 
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nephrin during a period of glucose absorption, and found no depres- 
sion of the R. Q. following the injections. During two experimental 
periods of six hours and five hours, respectively, he found the R. Q. 
to be 0.98 and 0.99. 

The preponderance of evidence, therefore, so far as alteration in 
the respiratory quotient is concerned, favors the view that epinepliiu 
does not inhibit the combustion of sugar. Efforts 87 to show that epi- 
nephrin can act as an antiferment, inhibiting the action of the glyco- 
lytic ferment of the blood, have been unsuccessful. 

The observations cited above that the hyperglycemia in experi- 
mental pancreas diabetes rapidly disappears after extirpation of the 
adrenals, or is prevented by simultaneous adrenalectomy, have led to 
the assumption that in the absence of both pancreas and adrenals the 
animal is able to oxidize glucose. This is almost equivalent to saying 
that when the blood sugar of such an animal has fallen to a normal 
level his diabetes has been cured, and that death comes from adrenal 
insufficiency, even though the power of carbohydrate combustion has 
been restored. Such an assumption is gratuitous, because the mechan- 
ism regulating the mobilization of sugar is susceptible to so many influ- 
ences — nervous, circulatory and chemical — that results after extirpa- 
tion experiments are not convincing. In depancreatized dogs I have 
observed a return of the blood sugar to normal levels when an Eck 
fistula was created, and the stalk of the liver ligated. Chart 2 repre- 
sents the blood sugar curve in such an experiment. The drop in the 
blood sugar on exclusion of the liver from the circulation is exactly 
similar to that produced by adrenal extirpation. Further evidence 
against the antiglycolytic action of epinephrin and the view that adren- 
alectomy restores to the animal with pancreas diabetes the power to 
burn sugar, is supplied by the experiment represented in Chart 3. In 
this experiment the right adrenal was extirpated on December 29. 
This produced no change in the blood sugar. One month later, after 
the animal had made a complete recovery, and seemed to be quite well, 
the pancreas was removed. Three days later the blood sugar was 
260 mg. per 100 c.c. The left adrenal was then removed, and 2 gin. 
of glucose per kilo were injected intravenously. The blood sugar 
immediately shot up to 560 mg. per 100 c.c. If this animal had had his 
power of sugar consumption restored he should have shown a steady 
fall in the blood surgar curve, but this did not occur. The blood sugar 
took a sharp drop to a level somewhat above the level before the sugar 
injection and remained there until he died. The sugar excreted in the 
urine during the last twenty-four hours was 101. S grn., while during 
the preceding twenty-four hours it had been 64.9 gm. Since 33.6 gm. 


87. Mackenzie: Jour. Exper. Med., 1915, 22, 757. 
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will prevent them from exercising any vital activity. Fortunately, such 
an adaptation of the parasite to these influences seems to require a 
considerable space of time for its development; apparently, several 
days of exposure to nonfatal concentrations of optochin are necessary 
before the pneumococcus acquires such a degree of “fastness” that it 
can carry on its activities in the presence of the degree of bactericidal 
action that may readily be produced in the circulating fluids by the 
administration of optochin. In the actual treatment of disease, there- 
fore, with such a chemotherapeutic agent as optochin, it would seem 
desirable to avoid such a low concentration of the drug in the blood 
as would permit the pneumococci to develop the property of “fastness.” 
A case bearing on this point will be cited later. 

Bearing in mind the foregoing considerations, one is led to believe 
that the ideal to be attained in the use of ethylhydrocuprein in acute 
lobar pneumonia is to regulate the administration of the drug so that, 

(1) within the limit of safety, a maximum bactericidal action may 
appear in the circulating blood within the shortest possible time after 
the commencement of the specific treatment; and, 

(2) the bactericidal action may be maintained as constantly as 
possible, as long as the administration of the drug is required. 

The first object, namely, the rapid production of the bactericidal 
action in the blood stream, might be attained by an intravenous injec- 
tion. This, however, did not commend itself to us, because the work 
of one of us (M.), s on intravenous injection of the drug in rabbits, has 
shown that toxic signs may result from doses so small that but little 
bactericidal action results in the serum, Boecker, 11 also, after intra- 
venous administration, was unable to demonstrate considerable bac- 
tericidal action in the serum of rabbits, and was only slightly more 
successful with guinea-pigs. Further, a case was reported by Smith 
and Fantus 12 in which intravenous injections of optochin resulted in 
numbness of the lower extremities, impaired vision and deafness, and 
in which death was attributed by these authors to cardiac depression, 
which was considered to be in part due to the intravenous administra- 
tion of the drug. Baermann, 13 however, has given intravenous injec- 
tions of single doses of 0.75 gm. of the drug without recording ill 
effects. Rosenow 14 also used intravenous injection of 0.5 gm. Like- 
wise, subcutaneous injection did not seem to us desirable, in general, 
in view of the painful infiltration to which it may give rise. 3 As will be 
mentioned below, intramuscular administration has also been tried in 
the present study, with unsatisfactory results. Consequently, oral 

11. Bocckcr, E.: Ztschr. f. Immunitatsf., 1915, Orjg., 24, 148. 

12. Smith, M. I., and Fantus, B.: Jour. Pharmacol, and Exper. Thcran 
1916,8,53. 

13. Baermann, G.: Ztschr. f. exper. Path. u. Therap., 1914, 15, 4/6. 

14. Rosenow, G. : Dcutsch. med. Wchnschr., 1915, 41, 791. 
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the affected lung has taken place. On the other hand, we might expect 
hat a much shorter time would be required for the destruction of- 
pneumococci circulating in the blood stream. 

There is still another consideration of importance in the treatment 
of lobar pneumonia with optochin, namely, the possibility that a dosage 
w lich is too small, .apart from failing to confer a pneumococcidal 
action on the' circulating blood, may give rise to conditions which favor 
the acquisition by the infecting pneumococci of a condition of resist- 
ance or fastness to the drug, so that even a later increase in dosage 
may be insufficient to destroy the bacteria and hence be of no avail. 

Morgenroth and Kaufmann 0 have shown that, in mice infected with 
pneumococci and insufficiently treated with ethylhydrocuprein, the 
pneumococci are able to react against the drug so that, after four 
passages through such insufficiently treated mice, the strain may become 
completely resistant, or "fast,” to its action. A similar phenomenon 
can be observed in the test tube. Tugendreich and Russo 10 have shown 
that, by subjecting pneumococci for two hours daily, at room tempera- 
ture, to gradually increasing and at first sublethal concentrations of 
optochin and incubating in serum-broth in the intervals, the micro- 
organisms could be educated, so to speak, in ten or twelve days, to grow 
in comparatively high concentrations of the drug. We, ourselves, 
carrying out similar observations at 3 7 C., have seen, in six subcultures 
made in gradually increasing concentrations of optochin, a strain of 
pneumococcus become capable of growing in a concentration of the 
drug greater than that previously sufficient to- kill it. 

We feel that these phenomena are of significance in the present 
problem, namely, the chemotherapy of pneumonia with ethylhydrocu- 
prein, since it is possible that here the conditions may at times favor 
the micro-organism, in that the pneumonic exudate may conceivably 
afford some degree of protection to the pneumococci from the circulat- 
ing Chemotherapeutic agent. Assuming that this may be so, it is pos- 
sible, in the treatment of pneumonia with optochin, that tbe^pneumo- 
cocci may be hindered from reacting against and becoming fast to the 
drug, by giving to the patient such doses of optochin as will, within 
limits of safety, confer on the circulating blood the maximum bacteri- 
cidal action in the shortest space of time, and by maintaining this action 
as nearly as possible at a constant level throughout the • ” 

other words, the development on the part of the paras, te of a comlmo 
of fastness is to be regarded as a vital act, on, and one objec t of the 
therapy is to subject the infecting pneumococci to such conditions 

9, Morgenroth, J, and Kaufmann, M.l Ztsclir. f. JmmunMtrf, 1912, 0*., 

“', 0 .“ Tugendreich, J., and Russo, C.: Ztschr. f. Immunity, »» 
19 , 156 . 
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We have collected from the literature 787 cases/' the details of 
which are more or less completely available. They are reproduced in 
tabular form in Table 1. Empyema in patients treated with the drug 
does not seem to have been a frequent complication, 1.9 per cent. The 
total mortality in the 787 cases recorded is 12.96 per cent., a figure in 
itself somewhat encouraging in the use of the drug. 

SCOPE OF THE PROBLEM AND GENERAL CONSIDERATIONS 

The present investigations had as its main object the solution of the 
following problems : 

1. Is it possible to confer on the serum of patients of average size, 
by the administration of 1.5 gm. of ethylhydrocuprein per twenty-four 
hours, the power of killing pneumococci in the test tube? 

2. If so, what is the optimum method of administration of the drug, 
both as regards the route, and the regulation of the size and spacing of 
the individual doses, as determined by a study of this acquired bac- 
tericidal property of the serum ? 

3. What is the effect of the drug on the course and mortality of 
acute lobar, pneumonia in man, when the influence of the particular 
immunologic group of the infecting pneumococcus on the natural 
course of the disease is taken into consideration? 

It is logical to suppose that if ethylhydrocuprein has any special 
value in the treatment of acute lobar pneumonia its efficacy must be 
due to its specific pneumococcidal action. Unless it can be given in 
such amounts that there is produced within the human organism a 
condition whereby pneumococci are destroyed in situ, or, at least, pre- 
vented from local or general migration, and from the establishment 
of their growth in previously uninfected regions, it seems unlikely that 
marked therapeutic results can be expected from its use. 

6. Baermann, G. : Ztschr. f. exper. Path. u. Therap., 1914, 15 , 476. Biding: 
Therapie d. Gegenw., 1915, 56 , New Series 17 , 203. Dunner, L., and Eisner, G. : 
Therap. d. Gegenw., 1916, 57 , New Series 18 , 41. Von Dzicmbowski, S. : 
Deutsch. med. Wchnschr., 1915, 41 , 1571. Frank, E. : Berl. klin. Wchnschr., 
1915,52, 421. Frank, G. V.: Zentralbl. f. inn. Med., 1916, 37 , 265. Frankcl, A. : 
Berl. klin. Wchnsdir., 1912, 49 , 664; Therap. d. Gegenw., 1915, 56 , New 
Scries 17 , 1. Hess, O. : Miinchen. med. Wchnschr., 1915, 62 , 1528. Kaufmann, 
M. : Munchen. med. Wchnschr., 1915, 62 , 291. Lapinski, J. : Therap. Monatsh., 
1915, 29 , 103. Lenne: Berl. klin. Wchnschr., 1913, 50, 1984. Lcschkc, E.: 
Dcutsch. med. Wchnschr., 1915, 41 , 1359. Loeb, A.: Berl. klin. Wchnschr., 
1915, 52 , 1108. Locwc, E., and Meyer, F.: Berl. klin. Wchnschr., 1915, 52 , 1018. 
Manliu, J. : Berl. klin. Wchnschr., 1916, 53 , 58. Mendel: Munchen. med. 
Wchnschr., 1915, 62 , 740. Moritz: Ztschr. f. artz. Fortbild., 1915, 12 , 321. 
Oliver, G. H.: Brit. Med. Jour., 1916, 1, 580. Peiper, A.: Berl. klin. Wchnschr., 
1915, 52 , 396. Rosenow, G.: Berl. klin. Wchnschr., 1915, 52, 393. Rosenow, G. : 
Dcutsch. med. Wchnschr., 1915, 41 , 791. Rosenthal, F.: Therap. d. Gegenw., 
1915, 56 , New Series. 17 , 181. Scholtmuller : Berl. klin. Wchnschr., 1915, 52 , 
758. Silberglcit, H.: Berl. klin. Wchnsdir., 1915, 52 , 1231. Simon, A.: Dcutsch. 
med. Wchnschr., 1915, 41 , 643. Vctlcsen: Berl. klin. Wchnschr., 1913. 50 , 1473. 
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admmisiratjQn has been adopted as a general method; the absorption 
of the hydrochlorid of the drug from the alimentary canal seems to be 
so rapid that the requirement under discussion, namely, a rapid appear- 
ance o the bactericidal action in the serum, is capable of fulfilment 
by using this route. eni 

The proposed ideal of constant maintenance of the bactericidal 
action required study of the regulation of the size and spacing of the 
individual doses designed to produce this result. 

If 1.5 gm. for an individual of average size be decided on as the 
total amount of the drug to be given per twenty-four hours, this quan- 
tity may be subdivided in several ways. The method of administration 
inost likely to give rise to a fulfilment of the condition outlined above 
is that of giving one or several initial relatively large doses of the drug 
(for example, 0.45 to 0.5 gm.), followed by several smaller ones at 
regular intervals. It is less likely that several small doses of, say 
0.15 gm., would produce a bactericidal action within as short a space 
of time as the former method. But, whatever method of regulating 
the doses be employed, if the rates of absorption and elimination or 
destruction of the drug be comparable in different individuals, then 
the body weight, through its influence on blood volume, should play 
an important part in the resulting concentration of the drug in the blood 
stream ; in other words, the concentration of optochin should be greater 
in those patients who receive a greater amount per kilogram of body 
weight. If these views are correct, a certain minimum amount of 
optochin must be absorbed per kilo of body weight within a definite 
time in order that any bactericidal action in the blood stream may 
result. Evidence in favor of such a view will be brought forward later. 
It will suffice now to suggest that, in order to produce in the blood 
stream the desired bactericidal action, the possibility of a relationship 
between the body weight of the patient and the amount of optochin 
given per twenty-four hours must be taken into consideration. 


CHARACTER OF THE CASES AND THEIR GENERAL TREATMENT 

The present study comprises observations on thirty-two patients 
suffering from acute lobar pneumonia, admitted to the wards of the 
Hospital of The Rockefeller Institute during the months November 
1915, to July, 1916. Each of these thirty-two patients received 
optochin 15 hydrochlorid, and in twenty-eight of them a detailed study 


IS. The optochin used in this study was obtained through Merck & : Co* New 
York, was manufactured by Yereinigte Chmmfabnken, ™g er J white 
fort a. M, and the bottles scontaming > bore s th ^ ^ wW ch 

s sasraftjs. T - ~s ; 

ss.tSi.f .rf i'li- a. «. "■*" 

if a uniiorm system of dosage is to be employed. 
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treatment because Rosenthal?’ has shown that its administration 
raumshes the curative effect of optochin in animals infected with 

hn tTffT 01 ' t CS ™ t . api>ear that a "y Particular diet has an impor- 

‘ * e bactericidal action resulting in the serum of patients 

li eated with optochin hydrochlorid. 

In the present study the free base of ethylhydrocuprein or the 

sahcyhcacidester lias not been used; the hydrochlorid alone has been 
employed. 


TECHNIC EMPLOYED ; INTERPRETATION OF RESULTS 

nf hloorw! i enCI< n 1 * aC j°? 0f t ! 1C se f um was studied as follows: Specimens 
of blood were obtained from the veins* at the elbow, before and at frequent 

intervals during the administration of the drug. The blood was allowed to 

clot and to stand in the refrigerator over night; the serum was then separated 

and kept in the refrigerator until all specimens had been assembled, when the 

tests were carried out. In two cases in which the patients had positive blood 

cultures, the serum was heated at 56 C. for thirty minutes in order to kill any liv- 

ing pneumococci that might be present ; except for these instances the serum was 

not inactivated, since the bactericidal power of the serum of patients who have 

received optochin is not appreciably increased or diminished by the process of 

inactivation. Serum was used for the tests after it had been ascertained that 

the whole blood was no more bactericidal than the former. Where one specimen 

of blood was obtained in the interval between two doses of optochin, as a 

general rule the bleeding immediately preceded the administration of the 

second dose. 

Virulent laboratory strains of pneumococci, long accustomed to growth out- 
side the body, were used for the tests. Such strains are more resistant to 
optochin than strains freshly isolated from the human body. In the majority 
of instances the particular strain used belonged to an immunologic group other 
than that causing the infection. In cases in which the infecting micro- 
organism belonged to the same group as that of the strain used for the 
bactericidal tests, agglutination tests (microscopic and macroscopic) were car- 
ried out with the patient’s serum, in order to rule out the possibility that. the 
patient had acquired agglutinins within his serum, the presence of which might 
give rise to ‘a simulation of bactericidal action, thus introducing an obvious 

fallacy. 


Bactericidal substances for the pneumococcus are not found among 
the antibodies demonstrable about the time of the crisis in patients with 
acute lobar pneumonia, nor is an artificially prepared immune serum 
itself pneumococcidal ; hence, any bactericidal action observed m the 
serum must have been due to the optochin treatment. 

Most of the tests were carried out with cultures from four to six 
hours old The age of the culture selected for carrying out bactericidal 
tests is by no means an unimportant detail. In a previous communica- 
tion one of us (C .) 24 has reported the results of an investigation of 
the nature of bacterial lag, as it occurs in bouillon cultures of pneumo- 


24? Chesney, a A?*M. : Jour. Exper. Med., 1916, 24, 387. 
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Wright 4 was the first to show that the serum of human patients 
receiving the drug by mouth destroyed pneumococci in the test tube. 
It has been shown by one of us (M.) 3 that the serum of normal rabbits 
which had received a single comparatively large but well tolerated dose 
of ethylhydrocuprein hydrochlorid acquires an inhibitory and bacteri- 
cidal action on pneumococci in the test tube; furthermore, that this 
bactericidal action resulting from a single dose lasts but a couple of 
hours in the living animal, and then disappears. When rabbit serum 
possessing this property is inoculated with a small amount of an 
eighteen-hour broth culture of pneumococcus and incubated at 37 C., 
the destruction of any considerable number of pneumococci requires a 
period' of several, often as many as forty, hours, the time required 
depending in part on the degree of bactericidal power which the serum 
possesses and in part on the number of pneumococci present. It fol- 
lows, therefore, that, in order to destroy pneumococci within the living 
animal, the drug should be repeatedly administered in suitable doses, 
at comparatively short intervals of time, in order that the pneumo- 
coccidal action in the circulating fluids may be continuously preserved 
for the necessary length of time. 

Any effort to cure a pneumococcal septicemia or pneumonia through 
the administration of ethylhydrocuprein must aim at (1) the produc- 
tion of a pneumococcidal action in the blood serum; (2) its main- 
tenance as constantly as possible over a period of time sufficiently long 
to insure the destruction of all the infecting pneumococci ; and, (3), the 
production of a concentration of the drug within the body which is 
harmless to any part thereof. 

Marked success has not attended our efforts to cure pneumococcal 
septicemia in the rabbit, owing to the susceptibility of these animals to 
such amounts of the drug as are necessary for the production of a 
constant bactericidal action in the blood stream for a sufficiently long 
period. 

In acute lobar pneumonia it should not be surprising if the lime 
required for such an agent as optochin to destroy all the pneumococci 
in the lung lesion were greater than that necessary to destroy those cir- 
culating in the blood stream, because it is possible that the majority 
of pneumococci .in the lung lesion may be mechanically protected by 
the exudate from the action of the drug. Indeed, this would seem to 
be, in part, the explanation of the fact, pointed out by Morgen roth, 7 
Leschke s and others, that the results of optochin treatment in lobar 
pneumonia arc better the earlier after the onset of the disease it is 
instituted; in other words, before any considerable consolidation of 

7. Morgcnroth, J.: Berl. ‘klin. Wchnschr., 1914, 51, 1829 and 1855. 

S. Lcschkc, E.: Dcutsch. med. Wchnschr., 1915, 41, 1359. 
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INTERPRETATION OF RESULTS 

Wlicn actively growing pneumococci are subjected for twenty-four 
hours at 37 C. to the action of the serum of patients who have received 
optochin, several phenomena may take place. The micro-organisms 
may show, (1) unrestricted growth; (2) an initial temporary inhibi- 
tion followed subsequently by unrestricted growth; (3) complete inhibi- 
tion with little or no destruction of bacteria; or, finally, (4) there may 
be actual bactericidal action. The three phenomena last mentioned 
shall be hereafter designated "temporary inhibition,” "complete inhibi- 
tion,” and “bactericidal action,” respectively. They represent varia- 
tions in degree of the same general process, namely, toxic action of 
optochin on the pneumococcus. Before attributing significance to the 
variations in pneumococcidal or inhibitory power, it is essential to 
determine whether or not they represent differences in the amount of 
optochin present in the serum. In order to ascertain this point, bac- 
tericidal tests were conducted with known concentrations of optochin 
in normal horse serum and “young” (four hours at 37 C.) and “old” 
(twenty hours at 37 C.) bouillon cultures of pneumococcus. The 
details of one of these experiments follows. 


Experiment 1. — Varying dilutions of optochin in normal horse serum were 
made, ranging from 1:50,000 to 1:5,000,000. Into separate tubes containing 
6 c.c, each of these dilutions there was inoculated 0.002 c.c. of a four-hour 
(37 C.) broth culture of pneumococcus, Group II. After thorough mixing, 
0.5 c.c. was removed from each tube separately and plated in 1 per cent, glucose 
agar. The tubes were then incubated in the water bath at 37 C. and at suitable 
intervals 0.5 c.c. was removed from each tube and plated separately. All plates 
were incubated for forty-eight hours before counting. The same procedure 
was carried out with the same culture of pneumococcus when it was twenty 
hours old (37 G), in order to contrast the behavior of the two under the same 
conditions (inoculation 0.0001 c.c.). The growth of the two cultures in the 
varying dilutions of optochin in normal horse serum is shown in Table . 

' Table 2 shows that dilutions of optochin in normal horse serum, ■ 
varying in strength from 1 : 5,000,000 to 1 : 2,000,000, inclusive exerted 
no apparent effect on either a four-hour or a twenty-hour culture o 
pneumococcus. In a dilution of 1 : 1,000,000 slight temporary ml, h- 
L was observed in the case of the four-hour cutares -here 
twenty-hour culture showed a slight prolongat.on of the hg exh* ^ 
by this culture in control serum without optochin. Ue 

dilution 1 : 800,000, the four-hour culture showed an unmistakable 
' tenl „ 0 rary inhibition and the twenty-hour culture showed a 
dtlded.; SgS “lag." In dilution of 1 : 600,000 there was almost 
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will prevent them from exercising any vital activity. Fortunately, such 
an adaptation of the parasite to these influences seems to require a 
considerable space of time for its development; apparently, several 
days of exposure to nonfatal concentrations of optochin are necessary 
before the pneumococcus acquires such a degree of “fastness” that it 
can carry on its activities in the presence of the degree of bactericidal 
action that may readily be produced in the circulating fluids by the 
administration of optochin. In the actual treatment of disease, there- 
fore, with such a chemotherapeutic agent as optochin, it would seem 
desirable to avoid such a low concentration of the drug in the blood 
as would permit the pneumococci to develop the property of “fastness.” 
A case bearing on this point will be cited later. 

Bearing in mind the foregoing considerations, one is led to believe 
that the ideal to be attained in the use of ethylhydrocuprein in acute 
lobar pneumonia is to regulate the administration of the drug so that, 

(1) within the limit of safety, a maximum bactericidal action may 
appear in the circulating blood within the shortest possible time after 
the commencement of the specific treatment; and, 

(2) the bactericidal action may be maintained as constantly as 
possible, as long as the administration of the drug is required. 

The first object, namely, the rapid production of the bactericidal 
action in the blood stream, might be attained by an intravenous injec- 
tion. This, however, did not commend itself to us, because the work 
of one of us (M.), s on intravenous injection of the drug in rabbits, has 
shown that toxic signs may result from doses so small that but little 
bactericidal action results in the serum. Boecker, 11 also, after intra- 
venous administration, was unable to demonstrate considerable bac- 
tericidal action in the serum of rabbits, and was only slightly more 
successful with guinea-pigs. Further, a case was reported by Smith 
and Fantus 12 in which intravenous injections of optochin resulted in 
numbness of the lower extremities, impaired vision and deafness, and 
in which death was attributed by these authors to cardiac depression, 
which was considered to be in part due to the intravenous administra- 
tion of the drug. Baermann, 13 how r ever, has given intravenous injec- 
tions of single doses of 0.75 gm. of the drug without recording ill 
effects. Rosenow 14 also used intravenous injection of 0.5 gm. Like- 
wise, subcutaneous injection did not seem to us desirable, in general, 
in view of the painful infiltration to which it may give rise. 3 As will be 
mentioned below, intramuscular administration has also been tried in 
the present study, with unsatisfactory results. Consequently, oral 

11. Boccker, E.: Ztschr. f. Immunitatsf., 1915, Orig., 24, 148. 

12. Smith, M. I., and Fantus, B.: Jour. Pharmacol, and Exper. Thcran 
1916, 8, 53. 

13. Baermann, G.: Ztschr. f. exper. Path. u. Therap., 1914, 15, 476. 

14. Rosenow, G. : Deutsch. mcd. Wchnschr., 1915, 41, 791. 
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° n - the y0Unger it -' vas able t0 exert an inhibitory 
effect only. _ The experiment, therefore, may be said to have borne out 

the conceptions that were formed as a result of the investigation of 
the nature of bacterial lag 24 in regard to differences in the resistance 
of members of a culture of bacteria depending on the age of the cul- 
ture itself. In such tests as have been carried out in this investigation 
"young,” actively-growing cultures commend themselves for use^since, 
by their employment, the phenomenon of “lag” is avoided in the con- 
trols and the interpretation of results is not confused by ’its presence. 

Not infrequently, when such “young” cultures are used in bacteri- 
cidal tests, the plates poured after incubation of the serum for one or 


two hours may show a larger number of colonies than those poured 
immediately after inoculation ; whereas, the plates poured after further 
incubation (five to twenty hours) of the same specimen of serum, may 
show a decided decrease in the number of colonies, or even sterility. 
This temporary initial increase in the number of viable pneumococci 
may be due to the breaking up of chain forms, which are numerous in 
“young” broth cultures of pneumococcus; or, it may be due to an appre- 
ciable interval of time being required for the bactericidal agent to exert 
its full effect on the organisms, during which interval some new indi- 
viduals are formed. 

The behavior of the pneumococci in the various dilutions of opto- 
qhin in normal horse serum and in the serum of patients receiving the 
drug, has also been followed from the microscopic standpoint. Smears 
were made at frequent intervals during incubation and stained to show 
the capsules with Hiss’ capsule stain. It was found that pneumococci, 
after some hours exposure to nonlethal concentrations of optochin in 
serum, possessed a much larger capsule with a denser outer zone than 
did the pneumococci grown in serum without optochin. Furthermore, 
after several hours’ exposure the capsules were found to be progres- 
sively larger the greater the concentration of optochin to which the 
organisms had been exposed, provided the concentration was not great 
enough to exert bactericidal action; frequently, in still greater concen- 
trations, there were vacuoles in the capsular substance, giving it a 
moth-eaten appearance. The meaning of these phenomena is not clear. 


DOSAGE OF OPTOCHIN 

The patients treated fall into two groups, depending on the route 
of administration, as follows : 

I. Those receiving all doses by mouth. 

II. Those receiving one or several doses intramuscularly at t e ou 
set, and all subsequent doses by mouth. 
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of the blood serum was made with reference to the presence or absence 
of bactericidal power for the pneumococcus. With one exception, a 
strain of pneumococcus was isolated from every case, and differen- 
tiated according to the biologic classification proposed by Dochez and 
Gillespie 10 and later Avery. 17 The cases treated were due to infection 
with representatives of all the main groups of pneumococci, although 
the majority were infected with strains belonging to Group II and 
Group III (Pneumococcus mucosus). Only two cases of infection 
with pneumococci belonging to Group I were treated with optochin, 
and of these, one received, in addition, several doses of antipneumo- 
coccus serum (Group I) intravenously; all other cases of infection 
with strains of this group were purposely not treated, owing to the 
employment of other therapeutic methods. Five cases of infection with 
strains of Group II were treated, in addition to the optochin, with 
“extract” of the type homologous antipneumococcus serum, 18 which 
was prepared according to Chickering’s 10 modification of the method 
described by Gay 20 and the former investigator. Two cases due to 
infection with Pneumococcus mucosus (Group III) were likewise 
treated with the extract of the corresponding antiserum 21 as well as with 
optochin. No attempt was made to select the patients for treatment, 
so that, for purposes of comparison, this series may be considered to be 
a fairly representative one. The extremes of age were 15 and 66 years, 
the average age 37.9 years. The incidence of the cases according to 
decade is given in the following tabulation : 

Decade 

11 to 20 inclusive 
21 to 30 inclusive 
31 to 40 inclusive 
41 to SO inclusive 
51 to 60 inclusive 
61 to 70 inclusive 

Apart from the optochin or serum therapy, the general treatment 
of the patients was that usually carried out in this hospital. Digi- 
puratum was used when indicated, and it may be stated that this drug 
has no effect on the bactericidal action in the serum resulting from 
optochin therapy, nor does it confer such a properly itself. The use 
of camphor was avoided except in two cases towards the end of the 

16. Dochez, A. R., and Gillespie, L. J.: Jour. Am. Med. Assn., 1913, 61, 727. 

17. Avery, O. T.: Jour. Exper. Med., 1915, 22, S04. 

IS. Such extract has no bactericidal action on the pneumococcus in the 
test tube. 

19. Chickcring, H. T.: Jour. Expcr. Med., 1915, 22, 248. 

20. Gay, F. P„ and Chickcring, H. T.: Jour. Exper. Med., 1915, 21, 389. 

21. Tiic particular scrum from which this extract was obtained was kindly 
supplied by Dr. Wadsworth of the New York State Board of Health. 


No. of Cases 
.... 5 
.... 7 
.... 7 
.... 5 
.... 5 
.... 3 
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intervals of eighty hours were given; during the second twenty-four hours 
0.45 gm. was given i m one dose, followed after another interval of eight hours bv 
seven doses of 0.15 gm. each at intervals of two hours; thereafter the drug was 
given at the rate of ten doses of 0.15 gm. each in twenty-four hours. The patient's, 
condition improved after the optochin was begun, his temperature (rectal) 
reaching 100 F. on the seventh day, forty-eight hours after optochin was started, 
and normal on the eighth day. The affected lobe cleared up slowly, although 
the temperature remained normal. Blood culture, which was positive before treat- 
ment was begun, was sterile twenty-four hours after the optochin was started. 
There was no spread of the pneumonic process to other lobes. Total amount of 
optochin given, 3.6 gm. No toxic symptoms referable to the optochin were 
observed. Amount of optochin given per kilo of body weight per twenty-four 
hours, 0.0229 gm. 


TABLE 3. — Bactericidal Test' of Serum of Case 1 (No. 2600), Showing 
Differences Obtained with “Young” and “Old" Cultures 


Time 

In 

Hours 
Alter 
Initial 
Dose ol 
Opto- 
. chin 

i 

Doses of 
Optochin 

Jn Gm. 
Following: 

Corre- 

sponding- 

Test 

Bleeding 

Speci- 

men 

of 

Scrum 

Tested 

Four-Hour Culture. 

Number of Colonies of Pneumococci 
per 0.5 O.c. of Serum When Plated* 

Twenty-Hour 
Culture. No. of Colonics 
of Pneumococci 
per 0.5 C.c. ol Serum 
When Platedt 

Im- 

medi- 

ately 

After 
1% Hrs. 
Inc. 

After i 
4% Hrs. 
Inc. 

| After 

1 23 Hrs. 
Inc. 

Im- 

medi- 

ately 

After 
5 Hrs. 
Inc. 

After 
26 Hrs. 
Inc, 

0.0 

1 x 0.5 

1 

1 

951 

8,000 

A. O. 

O. 

210 

A. O. 

C. 

8.0 


2 

S67 

1,136 

20,000 

Est. 

! 

179 

229 

50 

6.0 

,,,«•»•* 

3 

934 

900 

10,000 

A. O. ; 

277 

74 


8.0 

1 X 0.5 

i 

903 

2,330 

20,000 

Est. 

O. 

190 

249 

83 

11.0 


: 6 

876 

i 997 

1,820 

803 

284 

4 

0 

10.0 

1 X 0.5 

c 

970 

1.0S5 

2,200 

2,000 

131 

9 

0 

10.0 


7 i 

908 

905 

745 

21 

257 

2 

0 

22.0 


8 * 

909 

' 700 

1,155 

ISO 

258 

1 

0 

24.0 

1 X 0.45 

9 

892 

8S8 

1,226 

16 

275 

’1 : 

0 

26.5 


10 

973 

842 

1,370 

2 

53 

0 

0 

29.5 


11 

983 

845 

1,505 

84 

127 

0 

0 

81.75 

1 X 0.15 

12 

8S5 

950 

1,271 

13 

217 

0 


34.0 

SC.O 

1 X 0.15 

1 X 0.15 

13 

14 

810 

743 

972 

903 

1,052 

1,447 

S 

33 

176 

75 

1 

0 

0 

88.0 

46.5 

48.0 

8 X 0.15 

1 X 0.15 

* 4 X 0.15 

15 

16 

17 | 

857 

80S 

891 

970 

993 

816 

476 

1,169 

1,020 

1,500 

S2 

60 

SI 

67 

0 

0 

0 

0 

* Inoculation.’ 0.001 
f Inoculation: 0.000 

e.c. of 1 
01 C.C. Oj 

-.roth culture of pneumococcus, Group II. 

E Troth cuHure of pneumococcus, Group II. 
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coccus; in that work it was shown that actively growing (four to 
eight hours at 37 C.) cultures of pneumococcus, on transplantation 
into new mediums, exhibit no delay in growth but continue to grow 
rapidly; whereas, cultures twelve hours and older, on transplantation, 
require several hours (one to four or more) before rapid growth 
begins to take place. Furthermore, evidence was therein presented 
which indicates that this initial inhibition of growth, or “lag,” exhibited 
by older cultures of pneumococci, is due to an injury caused by 
the action of the metabolic products of the bacteria themselves on that 
structure or function of the bacteria which has to do with the growth 
of the micro-organisms. ' On the bases of the facts brought out in that 
investigation, it was suggested that, in determining the bactericidal 
power of any agent, it might be desirable to carry out the tests with 
“young” cultures; that is to say, with such cultures as had not sus- 
tained an injury to their powers of growth and would, therefore, on 
transplantation, exhibit no lag. Otherwise, if cultures, the individuals 
of which had already been partially injured, were subjected to the 
action of a bactericidal agent, one would have to deal with a summation 
of effects, which, in turn, might give rise to an exaggerated idea of the 
efficacy of the agent tested. Support for this view is offered by the 
work of Chick 25 who has presented evidence which indicates that the 
individual organisms of a three-hour culture of B. paratyphosus are 
more resistant to the action of disinfectants than are those of a twenty- 
four-hour culture of the same strain. We shall present evidence later 
to show that the organisms of a four-hour culture of pneumococcus are 
more resistant to a bactericidal agent (optochin) than those of a 
twenty-hour culture of the same strain. 

Moreover, the use of an actively growing culture affords the oppor- 
tunity of measuring more accurately the degree of inhibitory or bac- 
tericidal power of the specimens tested, and thus, possibly, of estimat- 
ing the relative amounts of the bactericidal agent present. 

In actual practice, in the present study, it was found best to use a broth 
culture of pneumococcus which had been incubated at 37 C. for from four 
to six hours, so that it was just beginning to show a faint turbidity. Usually 
0.001 c.c. of this culture was inoculated into each of the tubes containing 3.0 c.c. 
of the various specimens of serum to be tested. After all the tubes bad been 
inoculated, 0.5 c.c. was removed from each, mixed with 20 c.c. of melted 1 per 
cent, glucose agar which had previously been cooled to 40 C., and plated at once. 
This amount of agar was sufficient to dilute the bactericidal agent in the scrum 
to such an extent as to allow the pneumococci to grow on the plates. The 
tubes were then incubated in the dark in the water bath at 37 C. and, at 
suitable intervals' thereafter, an equal amount (0.5 c.c.) was again removed 
from each tube and plated. All plates were incubated forty-eight hours and 
then the number of colonics on each was counted. It should be noted that 
"young" (four- to eight-hour) cultures of pneumococci contain many short 


25. Chick, H.: Jour, of Hvg., 190$, 8, 92. 
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Present Illness pain in the chest and cough twenty-four hours before 
admission to the hospital ; blood-tinged sputum day of admission. 

Status on Admission: temperature, 104.3 F.; pulse, 100; respirations 34- 
cyanosis; dulness and suppression of breath sounds over the right lower 'lobe' 
Roentgenogram shows shadow in this area. White blood count, 40,000; blood cul- 
ture sterile , sputum tenacious, hemorrhagic, containing Pneumococcus mucosus. 

Course : Optochin administration was begun about twenty-four hours after 
the initial chill. The patient received in the first twenty-four hours three doses 
of 0.45 gm. each at intervals of eight hours. In the second twenty-four hours 
she received one dose of 0.45 gm. followed by seven doses of 0.15 gm. each, and 
in the two succeeding periods of twenty-four hours, nine doses of 0.15 gm. each. 
In the remaining periods of twenty-four hours, ten doses of 0.15 gm. each were 
given. The signs of consolidation gradually became more marked over the right 
lower lobe, and on the sixth day of the disease, five days after commencement 
of optochin, the physical signs indicated involvement of the left lower lobe, which 
was borne out by the roentgenogram. At this time a series of intravenous 
injections of extract of antipneumococcus serum (Group III) was begun, in 
addition to the optochin. In spite of treatment, the patient from this time on 

TABLE 4.— -Bactericidal Test of Serum of Case 2 (No. 2705) 


Time In 
Hours after 
Initial Dose 
of Optochin 


Doses of 
Optochin 
in Gm. 
Following 
Corresponding 
Test Bleeding 


0.0 
3:0 
G.O 
8.0 
11.0 

14.0 

10.0 
10.0 
22.0 

24.0 
2G.0 

32.0 

37.0 

42.0 

47.0 

55.5 
00.5 

85.5 

90.0 
101.0 
129.5 
154.G 

* Inoculation: 


Specimen 

of 

Serum 

Tested 


1 X 0.45 

1 


2 


3 

1 x 0.45 ; 

4 


5 


6 

1 X 0.45 

7 


8 


9 

1 X 0.45 

10 

i 

11 

2 X 0.15 

| 12 

2 X 0.15 

13 

2 X 0.15 

14 

4 X 0.15 

15 

3 X 0.15 

16 

7 X 0.15 

17 

9 X 0.15 

18 

S X 0.15 

19 

12 X 0.15 

20 

7 X 0.15 

21 

3 X 0.15 

22 


Number of Colonies of Pneumococci per 
0,5 C.c. of Serum When Plated* 


Immedi- 

ately 


1,090 

1,024 

1,095 

1,100 

1,000 

1,090 

1.050 

1,010 

1.050 
1,060 
1,026 
1,030 
1,033 

9S0 

1,070 

920 

1,048 

794 

m 

1,090 

1,033 

1,042 


After 
6 Hours 
Ine. 


O. 

900 

934 

4,650 

454 

764 

779 

305 

519 

631 

209 

366 

257 

345 

256 

93 


86 

56 

59 

101 

61 


After 

22 Yz Hours 
Ine. 


O. 

5,600 

O. 

O. 

2 

35 

90S 

1 

784 

10 

0 

0 

1 

0 

0 

0 

0 

0 

0 

2 

1 

15 


Six-hour culture of pneumococcus, Group IX. 
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TABLE 2.— Bactericidal Action* of Various Dilutions of OrrocmN 

in Normal Horse Serum 


Dilution 

of 

Optochin 
In Normal 
Horse 
Serum 

Four-Hour Culture 

Number of Colonies of Pneumococci 
per 0.5 C.c. of Serum When Plated* 

Twenty-Hour Culture 

Number of Colonics of Pneumococci 
per 0.5 C.c. of Scrum When Plated} 

Im- 

medi- 

ately 

After , 
I’CHrs. 
Inc 

After 

4 Hrs. 
Inc. 

After 
6V& Hrs. 
Ine. 

: 

After 
21 Hrs. 
Inc. 

Im- 

medi- 

ately 

j After ; 
1>S Hrs. 

] Inc. 

1 

Alter j 
31* Hrs. 
Inc. 

1 After 
G'A Hrs. 
Inc. 

1 After 
21 Hrs. 
Inc. 

Control 
serum (no 
optochfn) 

321 

752 

A. C.J 

O. ! 

; 

O. 

255 

! | 
1 i 

1 1S8 

184 

! 

! 

20,000 

Est. 

i 

i 

■ 

0. 

1:5,000,000 

300 

700 

A. C. 

c. j 

c. 

1 

2S1 

! 272 

l 339 j 

j 

20,000 
Est. ; 

c. 

1 : 3 , 000,000 

30S 

770 

I 

A. C. 

°' ! 

, ' 

c. ! 

257 

102 j 

1 

1 

158 j 

20.000 ; 
Est. ] 

0. 

1:2,000,000 

2SG 

753 

j 

A. C. 

c. 

0. 

322 

183 

1 

t 

150 ; 

1 

20,000 j 

Est. j 

c. 

1:1,000,000 

201 

705 

20,000 

Est. 

c. 

, 

i 

c. 1 

j 

2S4 

205 ] 

191 j 

35,000 1 
Est. | 

0. 

1:800,000 

292 

352 

1,320 

20,000 : 
Est. 1 

o. ; 

i 

i 

206 

225 | 

1 

149 1 

1 

1G4 j 

I 

1 

0. 

1 : 000,000 

297 

340 

SS3 

354 

745 

305 

170 | 

75 ‘ 

37 j 

0 

1:400,000 

SOS 

301 

219 

43 j 

0 1 

301 

; 139 

49 

20 ' 

0 

1:200,000 

390 

S70 

ISO 

30 'j 

0 j 

305 

: 78 1 

42 j 

5 ; 

0 

1:100,000 

SOS 

337 

93 

12 J 

0 i 

248 

49 f 

■ t 

31 | 

1 j 

0 

1:50,000 

355 

207 

31 

4 j 

0 1 

ISO 

; is j 

0 , 

0 i 

0 


* This culture was not multiplying as rapidly as Is usually the case In "young," four-hour 
cultures. Inoculation: 0.001 c.e. of broth culture of pneumococcus, Group II, 
f Inoculation: 0.0001 c.c. of broth culture of pneumococcus, Group II. 

} In this and the following tnblo A. C. = almost confluent; C~ confluent; Est. s= estimated. 

complete inhibition in the case of the four-hour culture and bacteri- 
cidal action in that of the twenty-hour culture. In the lower dilutions 
there was manifested a progressive increase in the bactericidal action 
of the optochin-containing serum. The experiment shows that varia- 
tions in the concentration of optochin in normal horse scrum are 
accompanied by corresponding differences in the degree of specific 
action of the drug on the pneumococcus, and that this method is a 
reliable one for detecting slight differences in the amount of the drug 
present in the serum. 

The experiment further demonstrates that the individual members 
of a four-hour broth culture of pneumococcus are more resistant to the 
action of optochin in horse serum than are the members of the same 
culture when it has been incubated for twenty hours. This is clear 
from the more rapid rate at which the pneumococci of the twenty-hour 
culture are destroyed than that at which the organisms of the four- 
hour culture succumb, and, in addition, by the observation that optochin 
in a dilution of 1 : 600,000 sufficed to exert a bactericidal action on the 
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Case 3 (No. 2639).— P. C., plumber, aged 41, weight 72.8 kg. 

Past History.— Alcoholic. 

Present Illness.— Chill, pain in chest and cough the day before admission 

. S , tatus on Admission: temperature, 103.5 F.; pulse, 98; respirations 30* 
involvement of right middle lobe; roentgenogram' shows sharply circumscribed 
shadow m this area; white blood count, 22,000; blood culture sterile; sputum 
mucopurulent, blood streaked, containing pneumococcus, Group IV. 

Course: Optochin started on second day of disease; optochin given at regular 
intervals at. the rate of 11 doses of 0.15 gm. each in periods of twenty-four 
hours. Patient’s condition improved and on the morning of the fourth day the 
temperature had reached 100 F., and by the fifth day it was normal. There was 
no spread of the pneumonic process to any other lobe. 

Total amount of optochin given, 4.5 gm. No toxic symptoms referable to the 
optochin were observed. Amount of optochin given per kilogram of body weight 
per twenty-four hours, 0.0226 gm. 

TABLE 5. — Bactericidal Test of Serum of Case 3 (No. 2639) 


Doses of 
Optochin 

In Grams 
Following 
Corresponding 
Test Bleeding 

Specimen 

of 

Serum 

Tested 

Number of Colonies of Pneumococci per 

0.5 O.c. of Serum When Plated* 

Immedi- 

ately 

After 

V£ Hours 
Inc. 

After 

24 Hours 
Inc. 

1 X 0.15 

1 

311 

8,830 

O. 

1 X 0.15 

2 

303 

2,340 

O. 

I X 0.16 

3 

320 

660 

O. 

1 X 0.15 

4 

370 

690 

O. 

2 x 0.15 

5 

334 

332 

0. 

1 X 0.15 

G 

333 

378 

4,600App.# 

1 X 0.15 

7 

307 

360 

79 

1 X 0.15 

8 

334 

352 

300 

1 X 0.15 

9 

824 

325 

9 

2 X 0.15 

10 

393 

S14 

6 

2 X 0.15 

11 

S24 

343 

12 

2 X 0.15 

12 

820 

322 

2 

2 X 0.15 

13 

354 

270 

2 

2 X 0.15 

14 

296 

375 

1 

3 X 0.15 

15 

260 

S10 

28 

4 X 0.15 

16 

322 

327 

0 


17 1 

298 

335 

187 


I8t 

350 

303 

10 


191 

352 

307 

C. 



201 

297 

2,000 Pst. 

0. 


Time In 
Hours after 
Initial Dose 
of Optochin 


0.0 

2.25 

4.5 
C.76 

9.0 

13.5 
1G.S 

18.0 

20.25 

22.5 

27.0 

31.5 
SG.O 

40.5 

40.0 

51.75 

01.5 

05.0 

72.75 

98.5 


* Inoculation: u.wi c.«. ^ 
f Tiro hours after Inst doso. 
t FJvo and one-half hours after last dose. 
§ Thirteen and one-fourth hours af e 
*1 Thirty-nine hours after last dose. 
j» App, = approximately. 
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I. ORAL ADMINISTRATION ENTIRELY 

Twenty-eight patients were treated in this manner. In general, 
three systems of dosage were employed, which, for the sake of brevity, 
will be designated A, B and C. 

THE VARIOUS METHODS OF DOSAGE USED; COMPARISON 

Dosage A consisted of three doses of 0.5 gm. or 0.45 gm. each, 
given at regular intervals in the first twenty-four hours, followed in 
the second twenty-four hours by one dose of 0.45 gm. and seven of 
0.15 gm. at regular intervals; thereafter nine or ten doses of 0.15 gm. 
in every twenty-four hours. 

Dosage B consisted of ten doses of 0.15 gm. each, given at regular 
intervals in every twenty-four hours.' 

Dosage C consisted, in patients of average size, of a single initial 
dose of 0.45 gm., followed at regular intervals by single doses of 
0.15 gm. each, the total amount of optochin given in twenty-four 
hours being the same for all periods of ' twenty-four hours, namely, 
1.5 gm. Where patients were below average size and received less 
than 1.5 gm. in twenty-four hours, the same scheme of separation of 
doses was adhered to, and their size was proportionately decreased. 

In contrasting the results obtained from administering the drug to 
different patients according to these various methods of dosage, care 
has been taken to select from the cases studied only those which ar<j 
comparable as regards (1) amount of drug given per kilogram of body 
weight per twenty-four hours, and (2) details of bactericidal tests, 
such as use of young cultures and of inoculations of comparable num- 
bers of pneumococci. Only cases which fulfil these conditions have 
been selected for the comparison of the various methods of dosage. 

Dosage A. — Several relatively large doses at the outset, follozvcd 
by numerous smaller ones. 

Two cases in which the patients were treated according to this 
method will be presented for analysis. Details of the cases follow, 
together with tables showing the results of a study of the bactericidal 
power of the scrum of each case. In addition, opportunity will be 
afforded in the first case (Case 1, Hosp. No. 2600) to contrast the 
inhibitory and bactericidal effect of the serum on “young” (four-hour) 
actively growing cultures of pneumococci with that on “old” (twenty- 
hour) cultures of the same strain. 

Case 1 (No. 2600).— C. C., man, waiter, aged 34. weight 65.4 kg. 

Past History. — Unimportant. 

Present Illness.— Chill, pain in chest, couch, and bloody sputum three days 
before admission. 

Status on Admission: temperature. 102.2 F.; pulse, 98; respirations, 40; 
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dos.c. Previous to this time there was a steady increase in the tem- 
porary inhibitory action of the serum. -nine tern- 

On the basis of these two preceding cases, it may be concluded that' 
such a system of dosage gives rise to a progressive increase in the 
concentration of optochm in the blood stream of the patient, but as 
compared with the previous system of dosage, the time of appearance 
of bactericidal action is somewhat delayed. In order to secure a more 
iapid appearance of this bactericidal action, and yet to maintain it at a 
constant level, or at least to avoid such fluctuations as were exhibited 
b) the first system of dosage studied, it would seem advisable to give 
one comparatively large dose at the outset and follow it with numerous 
smaller doses at regular intervals, as illustrated in the next section. 

Dosage C. — An initial comparatively large dose followed at regular 
intervals by smaller equal ones. 

The majority of our patients were treated in this manner, and, 
from the standpoint of early appearance and constancy of bactericidal 
action in the serum, the results obtained with this system of dosage 
were more satisfactory than those with any of the other methods. 
Below are given the details of four cases so treated, together with the 
results of a study of the bactericidal power of the serum. 

Cask 5 (No. 2640). — D. C., cobbler, aged 46, weight SS.8 kg. 

Pa ft History. — Pneumonia on the right side seven years previously. 

Present Illness. — Three days before admission, chill, pain in right side of chest, 
bloody sputum and general prostration. 

Status on Admission: temperature, 104,6 F, ; pulse, 110; respirations, 48; 
involvement of right lower lobe. Roentgenogram shows shadow in this area; 
white blood count 18,000; blood culture sterile; sputum tenacious, rusty and 
containing Pneumococcus mneosus (Group III). 

Course: Optochin started on fourth day of the disease; one dose of 0.45 gm. 
and seven doses of 0.15 gm. in first twenty-four hours; thereafter ten dose: 
of 0 15 gm. every twenty-four hours. The patient continued to have fever until 
the ninth day, when the temperature began to fall, reaching 99.8 F. on the tenth 
dav of the disease. There was no spread of the pneumonic process during treat- 
ment. Subsequently fibrinous pleurisy developed, on the affected side, winch was 
accompanied by moderate fever for several days. Utamately tins condition 

ClC Toil amount of optochin given, 9.45 gm. No tonic symptoms referable to 
the drug were observed. Amount of optochin in grams per kdogram of body 
weight per twenty-four hours, 0.0268. 

Table 7 shows that in this case (Case 5. Hosp. No. 2640), in which 
the amount of optochin given per kilogram of body wag t per wen 
four hours was 0.026S gm., bactericidal action appe r, d w hm 5. 
hours after the initial dose of optochin and aft A 

received one dose of 0.45 gm. and one of 0.15 gm. This act 

constant until more than eight hours after the last ta > of P 

had been administered, after which ,t disappeared. Tteeap^ 
was repeated with another four-hour-old culture p 
similar results were obtained. 
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Table 3 shows the difference in the results obtained, depending on 
whether “young” or “old” cultures are used in such tests. In the case 
of the twenty-hour-old culture bactericidal action appeared in the 
second specimen of serum, obtained three hours after the initial dose 
of optochin; whereas, in the case of the four-hour-old culture bacteri- 
cidal action was not apparent until several hours later, namely, at eleven 
hours after the initial dose (Specimen 5). The results of this experi- 
ment confirm those obtained in Experiment 1, in which the action of 
known strengths of optochin in normal horse serum was tested on the 
same bouillon culture of pneumococcus after four hours’ incubation of 
the same at 37 C., and after twenty hours’ incubation, and in which the 
differences in resistance of the two cultures were demonstrated. This 
experiment further confirms the preceding one, in that it shows that by 
using a “young” (four hours at 37 C.) culture in carrying out such 
tests, it is possible to bring out finer differences in the degree of inhibi- 
tory power of the serum tested than is the case if an “old” (twenty 
hours at 37 C.) culture be employed. For example, this patient (who 
received 0.0229 gm. of optochin per kilogram of body weight per 
twenty-four hours), according to the tests with the young culture, 
acquired a bactericidal action in his serum between eight and eleven 
hours after the initial dose. Previous to this time temporary inhibi- 
tion only was present, and close scrutiny of the figures will show that 
the degree of this inhibitory action varied in the different specimens. 
Thus, the third specimen of serum, obtained six hours after the initial 
dose of optochin, showed a greater degree of inhibitory action than 
did the next specimen obtained two hours later and immediately before 
the patient received the next dose of optochin. These facts would 
suggest that at the end of eight hours after the initial dose of 0.5 gm., 
the blood was already beginning to lose some of the optochin that had 
been absorbed earlier. Again, the fifth specimen of serum, obtained 
three hours after the second dose of optochin, showed bactericidal 
action, whereas the next specimen of serum, obtained eight hours after 
the second dose and immediately before the third dose, exhibited almost 
complete inhibition, but no bactericidal action, indicating again varia- 
tions in bactericidal power within eight hours. On the other hand, 
with the twenty-hour culture no such clear-cut fluctuations in bacteri- 
cidal action are observed. It is thus possible, with the aid of young, 
actively growing cultures, to detect in the serum of patients variations 
in the degree of specific inhibitory power, and therefore in the concen- 
tration of optochin, which would probably not be detected at all, or at 
least would not be as clearly demonstrated, if twenty-hour cultures 
were employed instead. 

Case 2 (No. 2705).— B. B., housewife, aged 34, weight 52.8 kg. 

Past H istory. — Unimportant. 
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and in addition extract of antipneumococcus serum, Type II was 

yenously. The temperature reached normal on the eighth day ’ 8 tra ' 

Total amount of optochin given was 9.5 gm. Total amount of extract of anti 
pneumococcus serum given, in divided doses, was 155 c.c., representing 620 cl 
of whole serum.^ During administration of optochin the patient developed 
discontinued Paftl3 dea ^ nGSS ’ ^oth of which disappeared after the drug was 

Total amount of optochin given per twenty-four hours: first twenty-four 
SCCOnd twcnt y- f our hours, 1.95 gm.; third and fourth, 1.80 gm.; 

fifth, 1.65 gm. 

Amount of optochin given per kilogram of body weight in the first twenty- 
four hours, 0.0226 gm. ; in the second twenty-four hours, 0.0238 gm. ; in the third 
and fourth twenty-four hours, 0.022 gm.; in the fifth twenty-four hours, 
0.0202 gm. 

TABLE 8. — Bactericidal Test of Serum in Case 6 (No. 2673) 


Time In 
Hours after 
Initial Dose 
of Optochin 

i 

i 

Doses of 
Optochin 

In Grams 
Following 
Corresponding: 
Test Bleeding- 

1 

Specimen 

of 

Scrum 

Tested 

Number of Colonies of Pneumococci per 

0.6 O.c. of Serum When Plated* 

Immedi- 

ately 

After 

1% Hours 
Inc. 

After 

7 Hours 
Inc. 

After 

18 % Hours 
Inc. 

0.0 

1 X 0.5 

I X 0.15 

1 

I 

5S4 

7 £00 

O. 

O. 

4.0 

2 X 0.15 

2 j 

550 

672 

18,000 

A. O. 

S.O 

2 X 0.15 

3 

G04 

628 

6.200 

15,000 Est. 

12.0 

1 X 0.15 

4 

537 

6S4 

775 

232 

30,0 

1 x 0.15 

5 

597 

58S 

659 

827 

17.0 

1 X 0.15 

6 

529 

... 

994 

896 

21.0 

1 X 0.15 

7 

630 

... 

56S 

♦ 175 

23.5 

6 X 0.15 

8 

CM 

... 

452 

206 

SG.Ot 

1 X 0.15 

Ot 

BS3 

579 

394 

63 

37.01 

1 X 0.15 

105 

CIS 

570 

315 . 

25 

S9.5 

2 X 0.15 

11 

«0 

485 

! 296 

8 

42.5 

12 X 015 

12 

548 

464 

282 

17 

64.25 

11 X 015 

13 

624 

553 

329 

9 

€6.5 

12 X 015 

14 

COS 

f 657 

2S9 

10 

112.0 

6 X 0.15 

15 

602 

... 

385 

44 - 

132.0 


o 

an 

606 

•** 

408 

O. 


* Inoculation: 0.001 c.c. of <%-bomr Intravenously. 

§ Four hours niter Inst dose ot optochin. 

In Case 6 (Hosp. No. 2673. Table S) the amount of optochin given 
in t^as t * . ,, r t twenty-four hours was 

02 “r Tndlactericidll ' Action was manifest twelve hours after the 

Ke’oTtSn. Rested as 

ceive the drug (except in Specrmen : 4 " ' * ^ J 
hibition). Thirty-six hours after the mitral dose p 
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grew worse, and death occurred on the eighth day of the disease. Immediately 
after death 40 c.c. of cloudy fluid were aspirated from the pericardial cavity and 
found to be sterile by cultural tests. 

Total amount of optochin given, 9.9 gm. Total'amount of extract of antipneu- 
mococcus serum given in divided doses, 55 c.c. of 10-times concentrated serum, 
representing 550 c.c. of whole serum. No toxic symptoms referable to the opto- 
chin were observed. 

Amount of optochin received per kilogram of body weight per twenty-four 
hours for each such period was: first period, 0.0255 gm. ; second period, 
0.028 gm. ; third and fourth periods, 0.0255 gm. ; thereafter, 0.028 gm. 

In Case 2 (Hosp. No. 2705) the results of the serum study were 
similar to those obtained in the former. Table 4 shows that during 
the first twenty-four hours of administration of the drug there were 
fluctuations in the inhibitory and bactericidal power of the serum. 
Thus, the specimen obtained three hours after the first dose showed 
greater inhibitory power than did those obtained six and eight hours 
after the same dose; again, the specimens obtained three and six hours 
after the second dose both showed definite bactericidal power, whereas 
the specimen obtained eight hours after that dose showed inhibitory, 
but not bactericidal, action. After the first twenty-four hours the bac- 
tericidal action remained fairly constant throughout. Both this and 
the preceding case received comparable amounts of optochin per kilo- 
gram of body weight per twenty-four hours, and in both instances the 
drug was given in three large doses in the first twenty-four hours, so 
that they are quite comparable as regards dosage. They both showed 
definite fluctuations in the inhibitory and bactericidal power of the 
serum within the first twenty-four hours, during which time the drug 
was being given in relatively large doses eight hours apart. It is prob- 
able, if the doses were regulated throughout the treatment as in the first 
twenty-four hours in these two cases, that the fluctuations in the inhibi- 
tory and bactericidal power of the serum (and, therefore, in the con- 
centration of the optochin in the circulating blood) would continue, 
although perhaps be less marked. After a period of treatment, how- 
ever, owing to the retention or accumulation of optochin within the 
body, to be referred to later, and to its rapid absorption, such a com- 
paratively large dose as 0.5 gm. might give rise, for a short period after 
its administration, to a concentration of the drug in the blood injurious 
to some part of the body, for example, the retina. 

As declared in the foregoing, the occurrence of such fluctuations in 
the concentration of optochin in the blood of patients with lobar pneu- 
monia during treatment with the drug seems undesirable. 

Dosage B . — Small equal doses at regular intervals from the outset. 

Several patients were treated according to this method and the 
details of two of these cases follow, together with the results obtained 
from a study of the bactericidal power of the serum in each case. 
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e drug at the rate of 1.23 gm. in twenty-four hours, instead of 
.5 gm., which factor would alter materially the body-weight relation- 
ship making the amount of optochin received , per kilogram of body 

Z tl T 1 HT" f0Ur m h0 f S ° nly °- 018 gm - As jud ^ ed the ™ 

culture, twenty hours old, bactericidal action made its appearance nine 
hours after the initial dose of the drug (Specimen 4), that is, three 
hours earlier than when the four-hour culture 'was used for the test • 
moreover, it was constantly maintained, except in Specimens 11 and 12 , 
in which it was replaced by temporary inhibition, as when the four-hour 
culture was used. 


# This test shows, again, the contrast between the results obtained 
with "old” and "young” cultures. The twenty-hour culture did not 
show the same fluctuation in bactericidal action as did the four-hour 
culture, and this action was observed three hours earlier in the case of 
the former. 

The results obtained from a study of these three methods of dosage, 
with reference to time of appearance of bactericidal action, are sum- 
marized in Table 11. 


TABLE 11.— Comparison of Methods of Dosage with Reference to the Time 
of Appearance of Bactericidal .Action 


Method of Dosage 

Case Number 

Amount of 
Optochin per 
Kilo of Body 
Weight in First 

24 Hours, Gm. 

Time of 
Appearance of 
Bactericidal 
Action, 

Hrs. 

A 

1- (2G00) 

2 (2705) 

0.0230 

0.0255 

11.0 incon- 
stant 
11.0 Incon- 
stant 

Average 

0.0242 

i 

11.0 


3 (2639) 

0.0226 

16.5 

B 

4 (2659) 

0.0241 

18.0 


Average 

0.0233 

17.25 


5 (2640) 

0.0268 

5.5 


6 (2673) 

0.0226 

12.0 

C 

7 (2611) 

0.0256 

15.0 

! 

8 (2566) 

0.0223 

12.0 


Average 

0.0243 

11.1 


An analysis of Table 11 shows that the cases are quite comparab e 
,s regards the relationship of amount of optochin given mt aver , y-fou 
lours to body weight of the patients. It shows, 

Dosage A, the average time of appearance of bactericidal action 
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In Case 3 (Iiosp. No. 2639), in which the amount of optochin per 
kilogram of body weight per twenty-four hours was 0.0226 gm., the 
bactericidal action appeared within 16.5 hours after the initial dose of 
optochin, remained practically constant for the remainder of the treat- 
ment (with the exception of specimen 8), and disappeared between 5.5 
and 13.25 hours "after the last dose. Previous to the appearance of 
the bactericidal action, a progressive increase in the temporary inhibi- 
tion was observed. 

Case 4 (No. 2659). — M. D., housewife, aged 29, weight 74.5 kg. 

Past History. — Unimportant. 

Present Illness . — Chill six days before admission, cough and pain in the chest 
three days before admission, headache, fever and prostration. 

Status on Admission: temperature, 103.6 F.; pulse, 96; respirations, 40 ; involve- 
ment of the left lower lobe; white blood count, 16,000 ; blood culture sterile; 
sputum mucopurulent, containing pneumococcus, Group I. 

Course: Optochin started on day of admission, sixth day of disease; patient 
received twelve doses of 0.15 gm. each in twenty-four hours; temperature fell by 
crisis seven hours after optochin was started ; there was no spread of the pneu- 
monic lesion and the affected lobe cleared up gradually. 

Total amount of optochin given, 1.8 gm. No toxic symptoms referable to 
optochin were observed. Amount of optochin given per kilogram of body weight 
per twenty-four hours, 0.0241 gm. 


TABLE 6.— Bactericidat. Test of Serum of Case 4 (No. 2659) 


Time In 

Doecs of 
Optochin 

In GramB 
Following 
Corresponding 
Teat Bleeding 

Specimen 

of 

Scrum 

Tested 

Number of Colonies of Pneumococci per 

0.5 C.c. of Serum When Plated* 

1 .... .. 

Initial Dose 
of Optochin 

Immedi- 

ately 

Alter 

VA: Hours 
Inc. 

After 

G Hours 
Inc. 

After 

22 Hours 
Ine. 

0.0 

2 x 0.15 

1 

8S0 

G.000 

App. 

C. 

O. 

2.5 

i 

2 

840 

i 

4,000 

App. 

0. 

C. 

4.0 

1 X 0.15 

8 

1 439 

4,000 

App. 

0. 

0. 

6.0 

1 X 0.15 

4 

| 378 

2,000 

0. 

C. 

8.0 

1 X 0.15 

5 

450 

1,800 

C. 

0. 

10.0 

1 X 0.15 

C 

870 

890 

A. C. 

c. 

12.0 

2 X 0.15 

►» 

1 

| 415 

554 

A. C. 

c. 

1G.0 

1 X 0.15 

8 

| 311 

4SS j 

A. C. 

c. 

18.0 

2 x 0.15 

0 

! 830 

413 i 

G33 

125 

22.0 

1 x 0.15 

10 

423 

SCO i 

217 

110 

20.0 


lit 

439 

305 | 

1 

17 

53.0 

1 

1 

1 

12* 

270 

514 

A. C. 

c. 


• Inoculation: 0.0301 c.c. ol tour-hour broth culture of pneumococcus. Group II. 
1 Four hours nftcr Inst dose. 

5 Thirtj-ono hours after last dose. 


In Case 4 (Hosp. No. 2659) the amount of optochin given per 
kilogram of body weight per twenty-four hours was 0.0241 gm. and 
bactericidal action was manifest within eighteen hours nftcr the initial 
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Ittat rjTSSKr.S 

aild 264 °) dJustrate this condition, and the details oHhe seroloric 

10 9 ind 7) The, ^ f™ (See SeCt!on 011 dosa S e - Tabte 
7/ , . T e cases show that under this system of dosape mol 

witli the relationship of body weight to amount of optochin such that 
he patents received 0.0223 to 0.0268 gm. per kilogram per twenty-four 
hours, bactericidal action was manifest in less than fifteen hours in 
each instance. 

• 2. Where the patients were above average size and the total amount 
of optochin (1.5 gm.) given in twenty-four hours was such that the 
patient received less than 0.022 gm. per kilogram per twenty-four hours. 
Three patients were so treated; in one of them (Case 9, Hosp. No. 2581) 
it was impossible to demonstrate .any bactericidal action at all, and in 
the remaining two (Hosp. Nos. 256S and 2634 ) the bactericidal action 
was considerably delayed. In Hosp. No. 2568 the amount of optochin 
given per kilogram of body weight per twenty-four hours was 0.0201 
gm., and bactericidal action did not appear until between sixty-eight 
and ninety-two hours after the first dose; in Hosp. No. 2634 the 
amount of optochin given per kilogram of body weight per twenty-four 
hours was 0.0213 gm. and bactericidal action took twenty-six hours 
to appear. Below are given the details of Case 9 (Hosp. No. 2581) 
with the results of a study of the serum of the same (Table 12). 

Case 9 (No. 2581). — T. B., watchman, aged 35, weight 80 kg. 

Fast History. — Unimportant, 

Present Illness. — Chill and vomiting thirty-six hours before admission; pain 
in chest, cough and bloody sputum twenty-four hours before admission. 

Status on Admission: temperature, 103.8 F.; pulse, 116; respirations, 36; 
involvement of right lower lobe; white blood count, 23,000; blood culture sterile; 
sputum tenacious, hemorrhagic, containing pneumococcus, Group II. 

Course: Optochin was started by mouth on the third day of the disease; 
initial dose of 0.5 gm. and seven doses of 0.15 gm. each in first twenty-four hours; 
thereafter ten doses of 0.15 gm. in every subsequent period of twenty-four hours. 
The patient became steadily worse, and on the fifth day, after two and one-half 
days of administration, the drug was discontinued, and the patient was given 
extract of antipneumococcus serum, Type II, subcutaneously. Temperature 
began to fall on the tenth day of the 'disease and reached 99.8 F. on the eleventh 
'"day In this case both the optochin and the extract of antipneumococcus serum 
were discontinued, as clinical observation seemed to mdicate that the course of 

the disease was not being influenced by either. f ti _ 

Total amount of optochin given, 3.8 gm. Total amount of extrad t of anh ■ 

pneumococcus serum given was 106 c.c, m divide were observed, 

of whole scrum. No toxic symptoms referable to P ? 

Amount of optochin per kilo of body weight per twenty-four hours was U.um g 

' Table 12 shows that the patient (Hosp. No. 2581) did n ° t poS ®^ . 
a bactericidal power in the blood serum at any t.me 
of administration of optochin, the figures only showing temp 
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TABLE 7. — Bactericidal Test of Serum in Case 5 (No. 2640) 


' ! 

Time in 
Hours nfter 
Initial Dose 
of Optochin 

Doses of 
Optochin 
in Grams 
Following 
Corresponding 
Test Bleeding 

Specimen 

of 

Serum 

Tested 

Number of Colonies of Pneumococci per 

0.5 C.c. of Serum When Plated* 

Immedi- 

ately 

After 

1% Hours 
Inc. 

After 

24 Hours 

Inc. 

0.0 

1 x 0.45 

1 

232 

508 

C. 


1 x 0.15 





5.5 

1 x 0.15 

2 

284 

247 

1 

8.75 

1 X 0.15 

3 

305 

282 

33 

12.0 

1 X 0.15 

4 

27 B 

310 

5 

14.5 

1 X 0.15 

5 

284 

269 

i 

6 

17.75 

1 X 0.15 

6 

260 

280 

9 

20.75 

[ 1 X 0.15 

7 

314 

284 

| 5 

23.0 

4 X 0.15 

8 

302 

261 

! 2 

34.0 

3 X 0.15 

9 

248 

253 

8 

41.0 

2 x 0.15 

10 

296 

292 

15 

46.0 

5 X 0.15 

11 

266 

278 

0 

58.5 

4 X 0.15 

12 

2G0 

308 

17 

69.5 

5 X 0.15 

13 

211 

264 

: 3 

91.75 

10 X 0.15 

14 

288 

264 

0 

106.0 

10 X 0.15 

15 

270 

265 

10 

130.5 

4 X 0.15 

16 

269 

261 

o’ 

139.25 

5 X 0.15 

17 

273 

288 

1 

13 

153.5 . 

1 X 0.15 

18 

306 

255 

1 

162.0. • 

i 

19t 

257 

318 

• 

2 

1S7.5 

i 

. 20t 

278 

252 

'C. 

210.0 

1 

» . • . 

i 

- 21§ 

1 

249 

329 

0. 


* Inoculation: 0.0006 c.c. of four-hour broth culture of pneumococcus, Group II. 

t Eight hours after last dose. 

t Thirty-three and one-half hours after last dose. 

§ Fifty-sis hours after last dose. 

Case 6 (No. 2673). — H. W., business man, aged 39, weight 81.6 kg. 

Past Histoi-y. — Alcohol to excess. 

Present Illness.-- Pain in chest, cough, blood-tinged sputum and fever three 
days before admission. 

Status on Admission: temperature, 102.4 F.; pulse, 122; respirations, 34; 
involvement of right lower lobe ; blood culture positive — pneumococcus, Group II ; 
sputum tenacious, blood tinged, containing pneumococcus, Group II; white blood 
count, 12,800. 

Course: Optochin was started on the third day. In the first twenty- four 
hours an initial dose of 0.5 gm., followed by nine doses of 0.15 gm. each ; in sec- 
ond twenty-four hou^s, thirteen doses of 0.15 gm. each; in third and fourth 
periods of twenty-four hours, twelve doses of 0.15 gm. each, and in fifth period 
of twenty-four hours, eleven doses of 0.15 gm. each. On the fourth day of the 
disease, after twenty-four hours of optochin, blood culture was sterile; on the 
fifth day physical signs indicated a spread of the pneumonic process to the right 
upper lobe, and the patient was definitely more ill. Optochin was continued, 
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fromO olsTn S' 3gra ? ° f , b ° dy Wright Per twent y- four hours was 
from 0.025 to 0.0285 gm. (a relationship which in an adult of average 

size should, as has been seen, insure bactericidal action in the cu* 

within twenty-four hours). Two patients were so treated. The details, 

of the results of the bactericidal tests in these two cases are riven 

(Tables 13 and 14). 


Case 10 (No. 2675).— J. S., schoolboy, aged 15, weight 39.1 kg. 

Past History.— Unimportant. 

Presort Illness— Pain in chest, cough and fever two days before admission. 

. S . tatus on Admission: temperature, 104.2 F.; pulse, 112; respirations, 32 
involvement of left lower lobe; white blood count, 38,000; blood culture sterile’ 
sputum tenacious, mucopurulent, containing pneumococcus, Group IV. 

Course: Optochin started on fourth day of disease; patient received diuT 
first twenty-four hours an initial dose of 0.3 gm., followed by seven doses • 
0.1 gm. Within twenty-four hours after the optochin was started, crisis set * 
and the temperature was normal on the fifth day. There was no spread of th. 
pneumonic process to any other lobe. 

Total amount of optochin given, 1 gm. No toxic symptoms referable to th. 
drug were observed. Amount of optochin per kilo of body weight per l.vutl., 
four hours, 0.0255 gm. 


TABLE 13.— Bactericidal Test of Serum in Case 10 (No. 2675) 


Time In 
Hours niter 
Initial Dose 
ol Optochin 

Doses of 
Optochin 

In Grams 

Following 

Corresponding 
Test Bleeding 

Specimen 

of 

Serum 

Tested 

Number of Colon! 
0.5 O.e. of Ser 

i After 

Immedl- ! 1% Honrs 
ately i Inc. 

2 s of Pneumoc 
urn When Plat 

After 

6 Hours 

Inc. 

0.0 

1 x 0.3 

1 

6S0 

10,100 

O. 

3.5 

1 x 0.1 

2 

628 

762 

91,000 

0.5 

1 x 0.1 

3 

641 

627 

6,000 

0.5 

1 x 0.1 

4 

623 

693 

2,500 

12.5 

I x 0.1 

6 

810 

688 

1,700 

* 15.5 

1 x 0.1 

6 

676 

627 ‘ 

848 ' 

18.5 

1 x 0.1 

7 

644 

6S0 

557 

21.5 

1 x 0.1 

8 

665 

746 

520 

24.5 


0 

612 

600 

S32 


After 
23% Hours 
Inc. 


O. 

0 . 

O. ' 
C. 

10,000 V 
417 
S5 
10 
40 


i 

* Inoculation: 0.001 c.c. ot tour-hour broth culture ot pneumococcus, Group II. 


Case 11 (No. 2626).— O. H., schoolboy, aged 15, weight 42.2 kg. 

Past History . — Chronic otitis media. . , { 

Present Illness.- Chill, fever, cough and blood-tmged sputum four dajs befo. 

ad tSS on Admission: temperature 104 

eral otitis media with perforation of o . y ^ culture sterile; a, ■ " 

ment of left lower lobe; white blood 

twenty-four hours, and eight doses . 



M 0 ORE-M’CHESNE Y—ETHYLH YDRO C U PREIN 


637 


patient began to receive extract of antipneumococcus serum intraven- 
ously in addition to the optochin ; an increase in the bactericidal power 
of the serum was not demonstrated after this form of treatment was 
instituted. Since neither the antipneumococcus serum non the extract 
thereof possess pneumococcidal action, this result was not surprising. 

Clinically, this case is of interest because of the fact that, although 
the patient on the fifth day of the disease had received optochin for 
thirty-six hours and his blood during twenty-four hours of that time 
showed a bactericidal action on pneumococci, nevertheless the physical 
signs indicated that the pneumonic process was spreading at the time 
and involving another lobe. The blood culture, however, which was 
positive before the administration of optochin, was sterile after twenty- 
four hours of optochin treatment. 

Case 7 (No. 2611). — M. B., laborer, aged 60, weight 58.4 kg. 

Past History . — Unimportant. 

Present Illness . — Chill thirty-six hours before admission; pain in the chest, 
cough and blood-tinged sputum twenty-four hours before admission. 

Status on Admission: temperature, 102.6 F,; pulse, 112; respirations, 36; 


TABLE 9.— Bactericidal Test of Serum in Case 7 (No. 2611) 


Time in 
Hours after 
Initial Bose 
of Optochin 

Doses of | 

Optochin 
in Grams 
Following 
Corresponding 
Test Bleeding 

Specimen 

of 

Serum 

Tested 

i 

: 

•Number of Colonies of Pneumococci per 

0.5 C.c. of Scrum When Plated* 


After 

1 % Hours 
Inc. 

After 

5% Hours 
Inc. 

After 

20 Hours 
Inc. 

0.0 

1 X 0.45 

1 

745 

9,100 

O. 

O. 

3.0 

1 x 0.15 

2 

744 

2,300 

20,000 Est. 

C. 

G.O 

2 X 0.15 i 

• 

3 

715 

1,550 

10,000 Est. 

O. 

12.0 

1 X 0.15 

4 

757 

1,260 

4,300 

10,000 Est. 

15.0 

1 x 0.15 

5 

653 

1,080 

2,100 

694 

18.0 

1 X 0.15 

6 

681 

930 

2,100 | 

455 

21.0- 

2 x 0.15 

7 

695 

1,140 

1,700 

773 

26.5 

3 X 0.15 

8 

672 

934 

1,380 

1,700 

33.6 

4 X 0.15 

9 

694 

1,210 

1,700 

19S 

42.5 

1 X 0.15 j 

10 

703 

1,025 

917 

41 

4G.0 

1 X 0.15 

Ilf 

721 

1,104 

1,430 

30G 

47.5 

1 X 0.15 

12t 

715 

1,010 

1,260 

400 

60.0 

3 X 0.15 

13 

742 

1,120 

1,160 

530 

56.0 

3 X 0.15 

14| 

027 

870 

1,180 

G2 

66.0 

i 

10 X 0.15 

15 

! 703 

844 

550 

14 


* Inoculation: 0.001 c.c. of four-hour broth culture of pneumococcus, Group II 
f Immediately before patient received first dose of 10 c.c. of extract of antipneumococcus 
serum subcutaneously. 

t One and one-half hours after patient had received 10 c.c. of extract of antipneumococcus 
serum subcutaneously. 

§ Two hours after second dose of 10 c.c. of extract of antipneumococcus serum subcu- 
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Case 12 (fto. 2711).— A. S., tinsmith, aged 21, weight 57.4 kg. 

Pasi History. Unimportant, except that he drank beer freely. 

Present Illness.— Chill and vomiting two days before admission Coueh and 
blood-tinged sputum day before admission.- ' U)Ug - d 

Status on Admission: temperature, 104.8 F.; pulse, 104; respirations 36 
Beginning involvement of left lower lobe; white blood count, 20,000; blood’ cul- 
ture sterile; sputum tenacious, hemorrhagic, containing pneumococcus, Group I 
. Lonrs< ^ da 3f following admission the patient was more toxic and physical 
signs at this time indicated beginning involvement of the left upper lobe, which 
was borne out by examination the next day. Optochin was started on the fourth 
day of the disease. A blood culture taken immediately before commencement of 
the optochin showed the presence of three colonies of pneumococcus, Group I, 
per cubic centimeter of blood. The patient received in the first twenty-four hours 
one dose of 0.45 gm., followed by eight doses of 0,15 gm. each at regular inter- 
vals, Thereafter he received ten doses of 0.15 gm. each, at regular intervals, 
in periods of twenty-four hours each. On the fifth day of the disease, 
twenty-four hours after the commencement of the optochin, the patient received 
the first of four intravenous injections of antipneumococcus serum (Group I), 
75.0 c.c. each, given at intervals of nine to twelve hours. The temperature 
remained approximately constant until the eighth day of the disease, when it fell 
below 100 F. The lungs cleared slowly. 

Total amount of optochin given, 4.05 gm. Total amount of antipneumococcus 
serum (Group I), 300 c.c. No toxic symptoms referable to the optochin were 
observed. Amount of optochin per kilo of body weight, 0.0287 gm. first twenty- 
four hours ; thereafter, 0.026 per twenty-four hours. 

TABLE 15. — Bactericidal Test of Serum of Case 12 (Hosp. No. 2711) 


Time In 
Hours after 
Initial Dose 
of Optochin 

Doses of 
Optochin 
in Grams 
Following 
Corresponding 
Test Bleeding 

Specimen 

of 

Serum 
! Tested 

Number of Colonies of Pneumococci per 

0.5 C.c. of Serum When Plated* 

Immedi- 

ately 

.J 

After 

1% Hours 
Inc. 

After 

5 Hours 
Inc. 

After 

21 Hours 
Inc. 

0.0 ‘ 

1 x 0.45 

1 

1 

i 

138 

390 

2,000 

C. 

2.0 

1 x 015 

2 

103 

105 

159 

79 

4.0 

1 X 0.15 

3 

1S2 

162 

15S 

4 

G.O 

1 X 0,15 

4 

170 

188 

109 

4 

0.0 

1 X 0.15 

5 

153 

142 

251 

39 

12.0 

1 X 0,15 

6 

135 

161 

130 

8 

15.0 

1 X 0.15 

7 

103 

184 

124 

66 

18.0 

1 X 0.15 

8 

130 

178 

151 

199 

21.0 

1 X 0.15 

0 

141 

97 

160 

706 

23.0t 


10 

122 

137 

201 

16S 

24.0 

4 X 0.15 

11 

131 

301 

ISO 

1,015 

32.5t 

15 X 0.15 

12 

101 

370 

110 

14 


* inoculation: 0.001 c c of four-hour broth culture ot P n ^° 0 c fS P "eumococcus serum 

tost 

In Case 12 (Hosp. No. 2711) the amount of optochin per kilogram 
of body weight given in the first twenty-four hours was 0.0287 gm a 
bactericidal action was manifest within two to four hours, after the 
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eleven hours after the initial dose of optochin, and, as was seen from 
the protocols, that, under this system of dosage, the inhibitory and bac- 
tericidal action was inconstant during the first twenty-four hours. In 
the case of Dosage B, the average time of appearance of bactericidal 
action was 17.25 hours. With Dosage C the average time of appearance 
of the same was 11.1 hours, and (with the exception of Case 8, Hosp. 
No. 2566) it remained constant. On a basis of these facts it seems 
justifiable to conclude that the third method of dosage, namely, Dosage 
C (p. 627), is the most satisfactory one to adopt in order to obtain a 
bactericidal action in the serum in the shortest possible time, and to 
maintain it at a constant level. This conclusion is supported by further 
cases, given in detail later. 

RELATIONSHIP BETWEEN BODY WEIGHT OF PATIENT AND APPEARANCE OF 
BACTERICIDAL ACTION IN THE SERUM 

As stated previously, if the rates of absorption and elimination of 
optochin are comparable in different cases, the concentration of the 
drug in the blood stream might be expected to bear some relationship 
to the body weight of the patient ; that is to say, the concentration of 
optochin should be greater in those cases which receive a larger quantity 
of the drug per kilogram of body weight than in those which receive a 
lesser amount. In view of these considerations, it is of interest to study 
the occurrence of bactericidal action in the serum with reference to the 
relationship to body weight of the amount of optochin given per twenty- 
four hours in the cases which are strictly comparable as regards method 
of dosage. We shall, therefore, with this idea in mind, take up a con- 
sideration of those cases in which the patients were treated according to 
that system of dosage which appears to be the optimum as regards spac- 
ing of individual doses and time of appearance of bactericidal action. 
On the basis of the results given in Table 9 it would seem that the 
optimum method is represented by Dosage C (p. 627), in which the 
patient is given a single comparatively large initial dose, followed by 
smaller ones at regular intervals. Sixteen patients were treated by 
mouth according to this method of dosage, and of these, eleven have 
been selected for comparison ; that is, only those cases that are strictly 
comparable as regards spacing of doses and detail of bactericidal tests, 
such as age of culture and size of inoculum. The weights of these 
patients varied from 39.1 to 81.6 kg., and the total amount of optochin 
given in twenty-four hours, from 1.0 to 1.85 gm. 

With reference to the relationship between the body weight of the 
patient and the amount of optochin received per twenty-four hours, it 
is possible to group the cases as follows: 

1. Where the patients were of average size and the amount of opto- 
chin given to each in twenty-four hours was 1.5 gm., so that the amount 
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Case 12 (No. 2711).— A. S., tinsmith, aged 21, weight 57.4 kg. 

Post History. Unimportant, except that lie drank beer freely. 

Present Illness .- —Chill and vomiting two days before admission. Cough and 
blood-tinged sputum day before admission.- S ™ 

Status on Admission: temperature, 104.8 F.; pulse, 104; respirations, 36. 
Beginning involvement of left lower lobe ; white blood count, 20,000 ; blood cul- 
ture sterile ; sputum tenacious, hemorrhagic, containing pneumococcus, Group I. 

. Course On day following admission the patient was more toxic and physical 
signs at this time indicated beginning involvement of the left upper lobe, which 
was borne out by examination the next day. Optochin was started on the fourth 
day of the disease. A blood culture taken immediately before commencement of 
the optochin showed the presence of three colonies of pneumococcus, Group I, 
per cubic centimeter of blood. The patient received in the first twenty-four hours 
one dose of 0.45 gm., followed by eight doses of 0.15 gm. each at regular inter- 
vals. Thereafter he received ten doses of 0.15 gm. each, at regular intervals, 
in periods of twenty-four hours each. On the fifth day of the disease, 
twenty-four hours after the commencement of the optochin, the patient received 
the first of four intravenous injections of antipneumococcus serum (Group I), 
75.0 c.c. each, given at intervals of nine to twelve hours. The temperature 
remained approximately constant until the eighth day of the disease, when it fell 
below 100 F. The lungs cleared slowly. 

Total amount of optochin given, 4.05 gm. Total amount of antipneumococcus 
serum (Group I), 300 c.c. No toxic symptoms referable to the optochin were 
observed. Amount of optochin per kilo of body weight, 0.0287 gm. first twenty- 
four hours ; thereafter, 0.026 per twenty-four hours. 


TABLE 15.— Bactericidal Test of Serum of Case 12 (Hosp. No. 2711) 


Time in 
Hours after 
Initial Dose 
of Optocliin 

Doses of 
Optochin 
in Grams 
Following 
Corresponding 
Test Bleeding 

Specimen 

of 

Scrum 

Tested 

Nuir 

Immedi- 

ately 

ther of Colonii 
0.5 C.c. of Ser 

After 

1% Hours 
Inc. 

es of Pneumot 
urn When Pic 

After 

5 Hours 
Inc. 

:occl per 
ted* 

After 

21 Hours 
Inc. 

0.0 * 

1 x 0.45 

1 

138 

390 

2,000 

C. 

2.0 

1 X 015 

2 

108 

165 

159 

79 

4.0 

1 x 0.15 

3 

182 

162 

158 

4 

6.0 

1 x 0.15 

4 

170 

18S 

109 

4 

9.0 

1 x 0.15 

5 

153 

142 

251 

39 

12.0 

1 X 0,15 

6 

135 

161 

139 

8 

15.0 

1 X 0.15 

7 

163 

184 

124 

06 

18.0 

1 X 0.15 

S 

139 

178 

151 

199 

21.0 

1 X 0.15 

9 

141 

97 

100 

706 

23.0t 


10 

122 

137 

201 

16S 

24.0 

4 X 0.15 

11 

131 

161 

160 

2|01i> 

32.5t 

15 X 0.15 

12 

101 

170 

i 

110 

14 


* Inoculation: 0.001 c.c. of four-hour broth cuRure of J s neQ “ 0 0 7 C annpneuinococcus serum 


In Case 12 (Hosp. No. 2711) the amount of optochm 
,f body weight given in the first twenty-four hours was 0.028 / ' ^ a 
lactericidal action was manifest within two to four hours after the 
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TABLE 12. — Bactericidal Test of Serum in Case 9 (No. 2581) 


Time In 
Hours after 
Initial Dose 
of Optochin 

Doses of 
Optochin 
in Grains 
Following 
Corresponding 
Test Bleeding 

! 

Specimen j 
of 

Serum 

Tested 

Number of Colonics of Pneumococci per 

0.5 O.c. of Scrum When Plated* 

Immedi- 

ately 

After 

7% Hours 
. Inc. 

After 

15% Hours 
Inc. 

0.0 

1 x 0.5 

i 


A. C. 

C. 

3.0 

'1 x 0.15 

2 

1,404 

! 

T.N.+ 

C. 

6.0 

1 x 0.15 

3 

1,356 

■ 1 

C. 

9.0 j 

1 x 0.15 

4 

1,078 

1 1 

C. 

12.0 

1 x 0.15 

5 

j 

1,580 

1,620 

0 

15.0 

1 x 0,15 

c 

1,640 

988 

C. 

18.0 

1 x 0.15 

7 

1,528 

763 

O. 

21.0 , 

X x 0.15 

8 

1,412 

1,612 

O. 

21.0 

2 x 0.15 

0 

1,184 

1,416 

O. 

30.0 

2 X 0.15 

. 10 

1,436 

1,774 

• A. O. 

30.0 

3 X 0.15 

11 

1,470 


O. 

42.0 

6 X 0.15 

12 

1,330 

1,483 

A. O’. 

58.5 

2 x 0.15 

13 

1,354 

1,456 

A. C. 


* Inoculation: 0.00001 c.c. of an eighteen-hour broth culture of pneumococcus, Group I. 
f T. N. — too numerous to count. 


inhibition. The amount of optochin given per twenty-four hours per 
kilogram of body weight was 0.0187 gm. Clinically, the course of the 
disease seemed to be entirely uninfluenced by the drug. At this point it 
is desirable to draw attention to Case 8 (Hosp. No. 2566, Table 10), 
in which bactericidal action was demonstrable within twelve hours after 
the administration of the drug was begun, during which time optochin 
was being given on a basis of 0.0223 gm. per kilogram of body weight 
per twenty-four hours. When, toward the end of the course of admin- 
istration, the amount of drug was diminished, so that the quantity given 
per kilogram of body weight pef twenty-four hours amounted to 
0.018 gm., no bactericidal action, and only a slight degree of temporary 
inhibition, was observed. 

3. Where the patient was above average size (81.6 kg.), the amount 
of the drug (1.85 gm. to 1.95 gm.) given per twenty-four hours was 
such that the patient received from 0.0226 gm. to 0.0238 gm. of opto- 
chin per kilogram per twenty-four hours (first forty-eight hours). 
Such a condition was illustrated by one case (Case 6, Hosp. No. 2673), 
which has already been reported in detail. (See section on Dosage, 
Table 8.) In this case bactericidal action was manifest within twelve 
hours after the initial dose. 

4. Where the patients were below average size and the total amount 
of the drug given per twenty-four hours was less .than 1.5 gm., but the 
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gram of body weight per twenty-four hours in no instance failed to 
show definite bactericidal properties. Furthermore, in those patients 
receiving more than 0.022 gm. of the drug per kilogram of body weieht 
per twenty-four hours, the average time of appearance of the bacteri- 
cidal action in the serum was 12.4 hours after the giving of the first 
dose. 


An analysis of all our cases in which the patients were treated by 
mouth, irrespective of the spacing and size of individual doses, shows 
that in no instance did bactericidal action fail to be manifest when the 
patients received as much as 0.024 gm. of optochin per kilogram of 
body weight per twenty-four hours, with one exception (Hosp. No. 
2689), where too great an interval— eight hours— elapsed between the 
first and second doses (see Table 31). We feel justified in concluding, 
therefore, that in administering optochin to human beings by mouth it 
is essential that the body weight of the patient be taken into considera- 
tion if the production of bactericidal action in the serum is to be 
insured. Individual variations in absorption and elimination are to be 
expected, as will be indicated later, but in the cases studied no great 
differences in these factors have been observed; indeed, it is rather 
surprising that the relationship between body weight and amount of 
optochin given per twenty-four hours bears such a constant relationship 
to the occurrence of bactericidal action in the patient’s serum. 


II. COMBINED INTRAMUSCULAR AND ORAL 
ADMINISTRATION 


Table 16 shows that when optochin is given to human beings by 
mouth, in accordance with a definite system of regulation of doses and 
in such quantity that the patients receive at least 0.022 gm. of the drug 
per kilogram per twenty-four hours, the serum of such persons rapidly 
acquires (average 12.4 hours) a definite bactericidal action for. the 
pneumococcus in vitro. It would seem that such an effect might be 
secured within a shorter space of time if the first few doses were given 


intramuscularly. Optochin hydrochlorid is soluble in distilled water, 
less soluble in physiologic salt solution. When given subcutaneously it 
may lead to painful infiltration. In one patient in whom it was injected 
too superficially, a slough was produced at the site of injection. When 
given intramuscularly it does not seem to be irritant. 

Three patients (Hosp. Nos. 2658, 2593 and 2604) received one or 
more doses by the intramuscular route at the outset of the treatment, 
and subsequent doses by mouth. In each case the size and spacing of 
the individual doses conformed to what we believe to be the optimum 
method, and the amount of the drug given was such that m the hrs 
twenty-four hours each patient received 0.022 gm. or more per kilogram 
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0.15 gm. each in succeeding periods of twenty-four hours. Temperature showed 
morning remissions on eighth, ninth and tenth days and reached normal on the 
eleventh day of the disease. There was no spread of the pneumonic process 
to any other lobe. Lung cleared up slowly. 

Total amount of optochin given, 5.65 gm. During the administration of the 
drug the patient became almost completely deaf, but this condition receded to 
that present on admission when the optochin was discontinued. Amount of opto- 
chin per kilo of body weight per twenty-four hours, 0.0284 gm. 


TABLE 14. — Bactericidal Test of Serum of Case 11 (No. 2626) 


Time In 
Hours after 
Initial Dose 
of Optochin 

Doses of 
Optochin 

In Grams 
Hollowing: 
Corresponding 
Test Bleeding 

Specimen 

of 

Serum 

Tested 

Number of Colonies of Pneumococci per 

0.5 O.e. of Serum When Plated* 

Immedi- 
ately . 

After 

1% Hours 
Inc. 

After 

23 Hours 

Inc. 

0.0 

1 x 0.3 

1 

690 

• 

3,870 

C. 

2.5 

1 x 0.1 

2 

714 

723 

O. 

6.0 

1 x 0.1 

3 

719 

792 

O. 

7.5 

1 x 0.1 

4 

928 

1,034 

O. 

10.0 

3 x 0.1 

5 

726 

767 

C. 

17.75 

3 x 0.1 

6 

690 

767 

A. C. 

24.5 

3 x 0.1 

7 

796 

701 

1 

S1.0 

6 x 0.1 

S 

700 

703 

1 

42.75 

4 X 0.1 

9 

720 

650 

4 

52.75 

4 X 0.1 

10 

648 

705 

12 

72.75 

11 X 0.1 

11 

677 

620 

3 


* Inoculation: 0.0005 c.c. of four-hour broth culture of pneumococcus, Group It, 


A study of Tables 13 and 14 shows that in Case 10 (Hosp. No. 
2675), where the amount of optochin per kilogram of body weight per 
twenty-four hours was 0.0255 gm., bactericidal action was present 
within 15.5 hours after the initial dose, although this patient received a 
total of only 1.0 gm. in twenty-four hours; and that in Case 11 (Hosp. 
No. 2626), where the amount of optochin received per kilogram per 
twenty-four hours was 0.0284 gm., the serum acquired a bactericidal 
action between 17.5 and 24.5 hours after the initial dose, although the 
total amount of optochin given in twenty-four hours was only 1.2 'gm. 

5. Finally, where patients are of average size but the quantity of 
drug is increased over that usually given, so that the amount received 
per kilogram per twenty-four hours is more than 0.028 gm. Two cases 
so treated are available for study. One of these (Hosp. No. 2638, 
Case 17) is recorded in detail later in connection with another question, 
and reference to Table 22 will show that, in this case, where the amount 
of optochin per kilogram of body weight per twenty-four hours was 
0.031 gm., bactericidal action was present within' eleven hours after the 
initial dose. The details of the other case follow immediately (Table 
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In Case 13 (Hosp ; No. 2658), in which the amount of optochin per 
kilogram of body weight per twenty-four hours was 0.0225 gm. bac- 
tencidal action was present in only one of eleven specimens of serum 
obtained during twenty-four hours of intramuscular administration of 
the drug, namely, in specimen 10 (eighteen hours after the commence- 
ment of the treatment) ; it was no longer present in the specimen taken 
(Specimen 11) two hours afterwards. Indeed, with the one exception 
of Specimen 10, bactericidal action only became manifest after oral 
administration had been begun; in other words, between twenty and 
twenty-eight and one-half hours after the initial dose. Previous to 
this, and with the exception of Specimen 10, the serum only showed 
temporary inhibition. 

Two patients received initial doses of the drug, dissolved in dis- 
tilled water, intramuscularly, all subsequent doses being given by 
mouth. The details of these cases follow. 

Case 14 (No. 2593) .— F. B., salesman, aged 37, weight 53.8 kg. 

Past History. — Unimportant. 

Present Illness.—Cald for a week before admission. Pain in chest day before 
admission. No chill or other symptoms. 

Status on Admission: temperature, 102.4 F.; pulse, 98; respirations, 36; 
involvement of right lower lobe; white blood count, 12,500; blood culture sterile; 
sputum tenacious, rust}', containing Pneumococcus mucosus (Group III). 

Course : Optochin started on second day of disease. A first dose of 0.4 gm. 
dissolved in 8 c.c. of distilled water was given intramuscularly; all subsequent 
doses were given by mouth. Following the first dose the patient received seven 
doses of 0.15 gm. each, so spaced that at the end of the first twenty-four houfs 
he had received 1.45 gm., including the dose given intrarriuscularly. On account 
of ringing in the ears, the dosage was reduced in the second twenty-four hours, 
but was subsequently increased. The schedule was as follows : Dosage expressed 
in periods of twenty-four hours each, beginning with the second twenty-four 
hours; six doses of 0.15 gm., nine doses of 0.15 gm., eight doses of 0.15 gm. and 
ten doses of 0.15 gm. for the remainder of the treatment. The condition of the 
patient grew slowly but steadily worse. The involved area increased in extent 
until the entire right lung was affected. On the ninth day the left upper lobe 
showed signs of involvement, and death took place on this day. Blood culture 
taken eight hours before death showed thirteen colonies of Pneumococcus 
mucosus per cubic centimeter of blood. Optochin had to be discontinued thirty 
hour" before death, owing to the inability of the patient to swallow The patent 
developed ringing in the ears and partial deafness while receiving the drug;. 

Total amount of optochin given, 7.9 gm. Amount of optochin per kilo 
bodv weight first twenty-four hours, 0.0268 gm.; second twenty-four hours, 
0.0167 W gm^th1rd t^nty-four hours 0.025 gm ; fourth twenty-four hours, 
0.0223 gm. ; thereafter per twenty-four hours, 0.0278 gm. 

In Case 14 (Hosp. No. 2593), in which the quantity of drug .admin- 
istered within the first twenty-four hours was 1.45 gm. (of wh 
the first dose of 0.4 gm. was given intramuscularly), equn e 
0.0269 gm. per kilogram of body weight, no bactericidal act 
manifest within the first twenty-four hours; nor was 
siderable inhibition seen in the four hours following the first dose, 
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initial dose. The culture used in this test was not growing very actively ; 
this was afterwards discovered to. be due to the fact that the acidity 
of the broth used was too high. After the patient had received the drug 
for fifteen hours, complete inhibition rather than bactericidal action was 
present (Specimens 8 to 11, inclusive). The reason for this decrease 
in the bactericidal activity of the patient’s serum is not apparent ; how- 
ever, bactericidal action was again manifest within 32.5 hours after the 
first dose of optochin (Specimen 12). It should be noted that a blood 
culture taken twenty-four hours after the initial dose of optochin 
showed three colonies of pneumococcus, Group I, in 6 c.c. of blood ; 
reference to Table 15 shows that at this time bactericidal action had 
been supplanted by mere inhibitory action. 

The eleven cases that have been selected for a study of the influence 
of the factor of body weight on the appearance of bactericidal action 
are summarized in Table 16, where the cases are arranged in the order 
of the amount of optochin given per kilogram of body weight per 
twenty-four hours (first twenty-four hours). 


TABLE 16. — Relationship Between Amount of Optochin per Kilogram of 
Body Weight per Twenty-Four Hours to Time of Appearance of 

Bactericidal Action 


Hospital and 
Case No. 

Weight, 

Kg. 

Total Amount 
Optoehin in 
First 24 Hours, 
Gm. 

Amount of Opto- 
chin per Kilo Body 
Weight in First 24 
Hours, Gm. 

Time of 
Appearance 
of Bactericidal 
Action, Hrs. 

9 (2581) 

SO 

1.5 

0.0187 

No' bactericidal 





action 

13 (2568) 

74.4 

1.5 

0.0201 

68-92 

(2634) 

70.3 

1.5 

0.0213 

26 

8 (2566) 

67.2 

1.5 

0.0223 

12 

6 (2673) 

81.6 

1.86 

0.0226 

12 

7 (2611) 

58.4 

1.5 

0.0256 

15 

10 (2675) 

39.1 

'1.0 

0.0255 . 

15.5 

5 (2640) 

55.8 

1.5 

0.0268 

5.5 

11 (2626) 

42.2 

1.2 

0.0284 

17.5-24.5 . 

12 (2711) 

57.4 

1.65 

0.0287 

4 

17 (2638) 

42.8 

1.35 

0.0315 

11 


A study of Table 16 shows that those patients who received less 
than 0.022 gm. of optochin per kilogram of body weight per twenty- 
four hours either did not acquire in their serum any bactericidal action, 
or else its 1 appearance was delayed more than twentyT our hours from 
the commencement of the optochin treatment j whereas, the serum of 
those patients who received more than 0.022 gm. of optochin per kilo- 
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SasssM sr on the sevenft day ° f ^^-KSTsSf 
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semm. N ° to* symptoms referable to the d^wTotoLvei* 
optochin per kilo of body weight per twenty-four hours, 0,0270 gm. ° 


TABLE 19.— Bactericidal Test of Serum of Case 15 (No. 2604) 


Time In 
Hours after 
Initial Dose 
of Optochin 

Doses of 
Optochin 

In Grams 

Doll owing 
Corresponding 
Test Bleeding 


Number of Colonies of Pneumococci per 

0.6 O.e. of Serum When Plated* 

Immedi- 

ately 

After 

1% Hours 
Inc. 

After 

5 % Hours 
Inc. 

After 

24 Hours 
Inc. 

0.0 

1 x 0.45+ 

1 

470 

11,80 0 

O. 

o. 

1.5 


2 

441 

I' ' 

0. 

0. 

2.5 


8 

897 

■ 

0. 

c. 

4.0 

1 x 0.151 

4 

442 

l 

A. O. 

0. 

6.5 

l x 0 . 15 } 

5 

453 

■ 

A. O. 

0. 

9.5 

2 x 0.151 

6 

396 


A. C. 

0. 

16.0 

2 x 0.151 

7 

415 

890 


3,000 Est. 

22.0 

S x 0.161 

8 

420 

894 


2,000 Est. 

2S.0 

5 x 0.151 

9 

548 

692 


A. O. 

42.0 

. 3 X 0.151 

10 

41G 

701 

542 

27 

49.5 

1 X 0.161 

11§ 

382 

482 

1,200 

88 

49.5 

1 X 4.15§ 

12g 

411 

602 


G34 

5S.5 

5 X 0.151 

18 

435 

614 


24 

66.6 

S X 0.151 

14# 

402 

478 

65 4 

140 


* Inoculation: 0.001 c.c. of four-hour broth culture of pneumococcus, Group II. 
t Intramuscularly. 

{ Orally. 

§ Immediately before 2 c.c. of extract of antipneumococcus serum, Group II, intravenously. 
% Immediately after the above dose of extract, and immediately before 10 c.c. of the 
same extract subcutaneously. 

# Nine hours after a second dose of 10 c.c. of extract of antipneumococcus serum, Group 
II, subcutaneously. 


Table 19 shows that in this case (Case 15, Hosp. No. 2604), in 
which the quantity of drug administered was 1.5 gm. per twenty-four 
hours (of which the first dose of 0.45 gm. was given intramuscularly), 
equivalent to 0.270 gm. per kilogram of body weight, the bactericidal 
action did not appear in the serum until somewhere between twenty- 
eight and forty-two hours after the initial dose. Here again the tem 
porary inhibition following the intramuscular injection was by no means 
marked. 

From the three foregoing cases it would appear that the intramus- 
cular route is less satisfactory than the oral route. 
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initial dose. The culture used in this test was not growing very actively ; 
this was afterwards discovered to. be due to the fact that the acidity 
of the broth used was too high. ' After the patient had received the drug 
for fifteen hours, complete inhibition rather than bactericidal action was 
present (Specimens 8 to 11, inclusive). The reason for this decrease 
in the bactericidal activity of the patient’s serum is not apparent ; how- 
ever, bactericidal action was again manifest within 32.5 hours after the 
first dose of optochin (Specimen 12). It should be noted that a blood 
culture taken twenty-four hours after the initial dose of optochin 
showed three colonies of pneumococcus. Group I, in 6 c.c. of blood; 
reference to Table 15 shows that at this time bactericidal action had 
been supplanted by mere inhibitory action. 

The eleven cases that have been selected for a study of the influence 
of the factor of body weight on the appearance of bactericidal action 
are summarized in Table 16, where the cases are arranged in the order 
of the amount of optochin given per kilogram of body weight per 
twenty-four hours (first twenty-four hours). 


TABLE 16. — Relationship Between Amount of Optochin per Kilogram of 
Body Weight per Twenty-Four Hours to Time of Appearance of 

Bactericidal Action 


Hospital and 
Case No. 

Weight, 

Kg. 

Total Amount 1 
Optochin in 
First 24 Hours, 
Gm. 

Amount of Opto- 
chin per Kilo Body 
Weight in First 24 
Hours, Gm. 

Time of 
Appearance 
of Bactericidal 
Action, Hrs. 

9 (2581) 

SO 

1.5 

0.01S7 

No bactericidal 
action 

13 (2568) 

74.4 

1.5 

0.0201 

68-92 

(2634) 

70.3 

1.5 

0.0213 

26 .. 

S (2566) 

67.2 

1.5 

0.0223 

12 

6 (2673) 

81.6 

1.86 

0.0226 

12 

7 (2611) 

58.4 

1.5 

0.0256 

15 

10 (2675) 

39.1 

1.0 

0.0255 . 

15.5 

5 ,( 2640 ) 

55.8 

1.5 

0.0268 | 

5.5 

11 (2626) 

42.2 

1.2 

0.0284 

17.5-24.5 . 

12 (2711) 

57.4 

1.65 

0.0287 

! 

4 

17 (2638) 

42.8 

1.35 

0.0315 

11 


A ot " TaWe 16 shows that those patients who received Ies< 
than 0.022 gm. of optochin per kilogram of body weight per twenty- 
our hours either did not acquire in their serum any bactericidal action 
or else its' appearance was delayed more than twenty-four hours from 
e commencement of the optochin treatment; whereas, the serum of 
those patients who received more than 0.022 gm. of optochin per kilo 
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indicting beginning involvement of right upper lobe; blood culture sterile- 

»&) ; sp " tum tenaciom ’ rosly ’ con,ainins 

. Co, f se: Optochin was started on the third day of the disease; all doses were 
given by mouth. The 'patient was given 0.4 gm. as initial dose and six doses 
0.15 gm each m first 24 hours, ten doses 0.15 gm. each in second and third 
twenty-four hours; the drug was then omitted for thirteen and one-half hours 
and then resumed as follows: in periods of twenty-four hours each, 0.45 gm. 
+ 8x0.15; 7x0.15; 6x0.15; 5x0.15, in sixteen hours making a total of 
8.65 gm. in all. Two days after admission and thirty-six hours after optochin 
was started, signs of consolidation of right upper lobe became well marked. The 
general condition of the patient grew worse for several days after optochin was 
started, respirations reaching 62 per minute, and he appeared extremely ill. -The 
pneumonic process did not spread to any other lobe, however, and on the ninth 
day the temperature began to fall, reaching 99.8 F. on the eleventh day, when the 
optochin was discontinued. Physical signs on this day indicated that resolution 

TABLE 20. — Bactericidal Test of Serum of Case 16 (No. 2582) 


Time in 
Hours after 
Initial Dose 
of Optochin 


0.0 

1.75 

4.75 

7.75 
12.0 

15.75 

19.75 

23.75 

35.75 

47.75 

50.75 

59.75 
C7.75t 


100.0 

132.25 

158.25 

177.0 

184.0 

206.0 


Doses of 
Optochin 
in Grains 
Following 
Corresponding 
Test Bleeding 

Specimen 

Number of Colonies of Pneumococci per 

0.5 C.c. of Serum When Plated* 

Serum 

Tested 

Immedi- 

ately 

After 

3 Hours 
Inc. 

After 

VA Hours 
Inc. 

After 

2V/i Hours 
Inc. 

1 x 0.4 

1 

567 

j 6,346 

i 

O. 

! 

I C. 

1 x 0.15 

2 

515 ! 

277 

242 

16 

1 X 015 

3 

569 

263 

244 

13 

1 x 0.15 

4 

557 

3S3 

221 ' 

35 

1 x 0.15 

5 

603 

304 

209 | 

8S 

1 X 0.15 

6 

490 

338 

386 1 

2,800 

1 X 0.15 

7 

588 

449 

723 | 

| 5,000 

4 X 0.15 

8 

476 

488 

953 

A. O. 

6 X 0.15 

9 

467 

381 

82 8 

39 

1 X 0.15 

; io 

500 

327 

75 

1 

3 X 0.15 

H 

562 

288 

74 

1 

0 

4 X 0.15 

12 

536 

235 

60 

1 

2 X 0.15 

13 

486 

261 

65 

0 

I x 0.45 

8 X 0.15 

6 X 0.15 

14 

li 

264 

97 

7 

0 

6 X 0.15- 

15 

335 

95 

16 

0 

5 X 0.15 

16 

272 

85 

11 

0 


17 1 

354 

132 

29 ; 

2 


1S§ 

269 

181 

291 ( 

33 


19H 

299 

1,000 

O. ; 

O. 


; xts ^ then rcsumea - 

1 Three hours after last dose. 

§ Ten hours after last dose, 
r rijjrty-ttro hours after last dose. 
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of body weight, an amount which, judging from the results obtained 
from oral administration, should give rise to the production of' a bac- 
tericidal action in the patient’s serum within twenty-four hours. 

f 

Case 13 (No. 2658). — J. E., manager, aged 29, weight 66.6 kg. 

Past History. — Unimportant. 

Present Illness. — Chill, pain in chest, cough, blood-tinged sputum day before 
admission. 

Status on Admission: temperature, 102.5 F.; pulse, 120; respirations, 28; 
involvement of right lower lobe; white blood count, 47,000; sputum tenacious, 
blood tinged, containing pneumococcus, Group II A; blood culture sterile. 

Course: Optochin started day of admission, second day of disease. Patient 
was given 0.5 gm. intramuscularly, then four doses of 0.25 gm. intramuscularly, 
all dissolved in physiologic salt solution, making 1.5 grm in the first twenty-four 
hours; then ten doses of 0.15 gm. each in powder form by mouth during the 
succeeding periods of twenty-four hours. The temperature became normal on the 
fifth day of the disease and there was no spread of the pneumonic process to any 
other lobe. 

Total amount of optochin given, 3.9 gm. No toxic symptoms referable to the 
optochin were observed. Amount of optochin per kilo of body weight per twenty- 
four hours was 0.0225 gm. 


TABLE 17. — Bactericidal Test of Serum in Case 13 (No. 2658) 


Time in 
Hours after 
Initial Dose 
of Optochin 

i 

Doses of 
Optochin 
in Grams 
Following 
Corresponding 
Test Bleeding 

Specimen' 
of ; 
Serum j 
Tested ! 

i 

i 

1 

Number of Colonies of Pneumococci per 

0.5 O.c. of Serum When Plated* 

Immedi- 
' ately 

After 

1% Hours 
Inc. 

After 

6 Hours 
Inc. 

[ After 

20 Hours 
! Inc. 

, °° 

1 x 0.5 t 

1 

l 

388 

13,000 

5,000,000 Est. 

* 

O. 

2.0 j 


2 

352 

901 

2,000,000 Est. 

b. 

4.0 


3 

402 

548 

500,000 Est. 

0 . 

G.O 


4 

350 

495 

600.000 Est. 

0 . 

8.0 

1 x 0.25t 

5 

342 

621 

A. C. 

0 . 

10.0 


5 

873 

334 

10,000 Est. 

0 . 

12.0 

1 x 0.25f 

7 

367 

883 

10,000 Est. 

0 . 

14.0 


8 

869 ' 

387 

1,036 

5,000 

16.5 

1 x 0.25f 

9 

364 

423 

1 

2,000 

2,200 

18.0 


10 

419 

402 

968 

191 

20.0 

! 1 X 0.25f 

j 2 x O.lot 

11 

445 

485 

. 970 

1,124 

28.5 

3 X 0.15J 

12 

402 

’ 472 

404 

9 

86.0 

S 2 X O.lot 

13 

377 

478 

316 

10 

4u.5 

3 X 0.15J 

14 

402 

473 

290 

1 

47.5 

2 x 0.15; 

15 

350 

426 

341 

8 

52.0 

4 X 0.15t 

16 

430 

497 

300 

6 



17 

438 

878 

1 

301 



* Inoculation: 0.001 c.c. of six-hour broth culture of 
t Intramuscularly. J Orally. 


pneumococcus, Group II. 
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From a therapeutic standpoint it is of importance to know whether 
or not optochm can pass from the blood through the walls of the cap- 
illaries of the lung into the alveolar spaces. No data are available on 
this point. That the drug is capable of passing through the capillary 
walls into the serous sacs, however, is indicated by observations made 
on one case, Case 2 (Hosp. No. 2705, Table 4). This patient received 
optochm over a period of seven days and in such amounts that a 
decided bactericidal action became manifest in the serum within twenty- 
four hours after the initial dose, and remained constant throughout the 
course of treatment. In spite of this fact the disease process was not 
permanently arrested and the patient died. Immediately after death, 
40 c.c. of turbid yellow fluid were aspirated from the pericardial cavity. 
This fluid clotted shortly after removal- and was found by cultural tests 
to be sterile. The serum was removed from the clot and tested in the 
usual manner for bactericidal action on the pneumococcus. As con- 
trols, normal human serum from another patient, ascitic fluid from a 
patient with cirrhosis of the liver and blood serum from the patient 
herself obtained at the height of administration of the drug, were used. 
The patient’s own blood serum before optochin was administered had 
already been shown to possess no bactericidal action for the pneumo- 
coccus. The results of the experiment are given in Table 21. 

TABLE 21. — Bactericidal Test of Pericardial Fluid Obtained from Case 2 

(No. 2705) (Table 4) 


Number of Colonies of Pneumococci 
per 0.6 O.c. When Plated* 


Fluid 

Immedi- 

ately 

After 

1 % Hours 
Inc. 

i After 

5 Hours 
Inc. 

After 

21 Hours 
Inc. 


138 

780 

4,000 Est. 

O. 


167 

638 | 

1,600 Est. 

O. 

Blood serum. Case 2 (Hosp. No. 2705) 
(optochin for six days by mouth) 

104 

153 

23 

0 

Pericardial fluid, Case 2 (Hosp. No. 

132 

! 

104 

33 

0 






* Inoculation: 0.001 c.c. of four-hour broth culture of pneumococcus, Group II. 


Table 21 shows that the pericardial fluid obtained from the patient, 
Case 2 (Hosp. No. 2705) immediately after the death of the patient, 
and the blood serum of the same patient obtained about twenty-four 
hours before death and after optochin had been given by mouth tor 
six days, both showed marked bactericidal activity for the pneumo- 
coccus; whereas, normal blood serum and ascitic fluid o tame . rom * 
case of cirrhosis of the liver showed no such bactericidal activity, 
would seem justifiable to conclude from these observations that opto- 
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which was given intramuscularly. During the second twenty- four hours 
of administration the patient showed no bactericidal action, but only 
temporary inhibition, as might be expected, since during this period 
only 0.9 gm. was given, which means 0.0167 gm. per kilogram ; nor did 
either of the two specimens tested after this time show more than com- 
plete inhibition. As no further specimen was tested after No. 13, it is 
impossible to state whether or not bactericidal action appeared in the 
serum of this patient during the remaining days of the administration- 
of the drug. In spite of the specific treatment the pneumonic process 
was not controlled and the patient died. 


TABLE 18.— Bactericidal Test of Serum of Case 14 (No. 2593) 


Time in 
Hours after 
Initial Dose 
of Optochin 

Doses of 
Optochin 
in Grams 
Poliowing 
Corresponding 
Test Bleeding 

Specimen 

of 

Serum 

Tested 

Number of Colonies of Pneumococci per 

0.5 C.c. of Serum When Plated* 

Immedi- 

ately 

After 

1% Hours 
Inc. 

After 

22 Hours 

Inc. 

0.0 I 

1 x 0.4t 

1 

339 

3,800 

O. 

1.5 j 


2 

421 

2,000 

O. 

2.5 i 


3 

380 

1,548 

O. 

4.0 

1 x 0.15; 

4 

400 

1,204 

O. 

7.0 

1 x 0.15; 

6 

438 

978 

C. 

10.0 

2 x 0.3; 

6 

409 

652 

O. 

16.0 

2 x 0.31 

7 

398 

570 

904 

22.0 

1 x 0.15; 

8 

422 

.732 

1,000 App. 

27.0 

3 x 0.15J 

9 

470 

088 

2,000 App. 

89.0 

3 X 0.15t 

10 

440 

498 ■ 

2,000 App. 

48.0 

1 X 0.15t 

11 

407 

484 

A. C. 

51.0 

5 x 0.15t 

12 

337 

404 

3,000 App. 

63.75 

io x o.is; 

13 

354 

470 

050 


* Culture used lor Inoculation: 0.001 c.c. of four-hour culture of pneumococcus, Group II. 
t Intramuscularly. t Orally. 


Case 15 (No. 2604). — D. del V., elevator operator, aged 20, weight 55.4 kg. 

Past History. — Unimportant. 

Present Illness. — Chill, fever, cough, pain in chest and bloody sputum two days 
before admission. 

Status on Admission: temperature, 104.6 F.; pulse, 138; respirations, 36. 
Mental confusion; complete consolidation of left lower lobe; white blood count, 
13,000 ; blood culture sterile ; sputum tenacious, rusty and containing pneumococ- , 
cus of Group II A. 

Course: Optochin was started on fourth day of disease. Patient was given 
a first dose of 0.45 gm. dissolved in 9 c.c. of distilled water intramuscularly; all 
subsequent doses were given by mouth. Following the first dose the drug was 
given in divided doses, so that at the end of the first, twenty-four hours he had 
received seven doses of 0.15 gm. in addition to the first dose of 0.45 gm., making 
1.5 gm. in all. Thereafter the drug was given at the rate of 10 doses of 0 15 gm 
in twenty-four hours. When the patient had received optochin for forty-eight 
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the temperature was 99.2 F. (rectal). The drug was discontinued. On the follow- 
mg day the temperature rose again and the patient’s condition grew rapidly worse 
At this time physical signs indicated involvement of the left lower lobe. Optochin 
was immediately resumed (after an intermission of seven and one-half hours) 
as follows : 0.5 gm., followed by two doses of 0.1 gm. each. The patient died 
rather suddenly that same day (twelfth day of disease). The physical -signs in 
the right lung indicated that at that time the pneumonic process was beginning to 
resolve. A culture of the heart’s blood taken immediately after death showed 
pneumococcus, Group IV, and a strain of pneumococcus belonging to the same 
immunologic group was recovered from the left lower lobe at the same time. 
No pneumococcus was obtained by aspiration of the right lower lobe. 

Total amount of optochin given, 8.75 gm. No toxic symptoms referable to 
the drug were observed. Amount of optochin per kilo per twenty-four hours, 
0.031 gm, first twenty-four hours, 0.028 gm. second, third and fourth periods. 

TABLE 22. — Bactericidal Test of Serum in Case 17 (No. 2638) 


Time in 
Hours after 
Initial Dose 
of Optochin 

Doses of 
Optochin 

Specimen 

Number of Colonics of Pneumococci per 

0.5 C.c. of Serum When Plated* 

Following 
Corresponding 
Test Bleeding 

Scrum 

Tested 

Immedi- 

ately 

After 

1% Hours 
Inc. 

After 

6% Hours 
Inc. 

After 

22% Hours 
Inc. 

0.0 

1 x 0.5 

1 

305 

7,100 

C. 

C, 

3.0 ' 

1 x 0.16 

2 

S31 

373 

15,000 Est. 

O. 

6.0 

1 x 0.1 

3 

337 

303 

395 

3,000 App. 

0.0 

1 x 0.1 

4 

283 

281 

395 

484 

11.0 

1 x 0.1 

5 

334 

321 

337 

89 

13.0 

2 x 0.1 

6 

262 

’ 295 

285 

276 

10.5 

1 x 0.1 

7 

330 

826 

... 

10 

21.0 

2 X 0.1 

8 

350 

367 

... 

11 

25.5 

2 X 0.1 

9 

312 

319 

303 

7 

29.5 

2 X 0.1 

10 

333 

819 

289 

3 

33.76 

5 X 0.1 

11 

SCO 

322 

335 

4 

43.5 

2 X 0.1 

12 

814 

358 

175 

8 

47.5 

3 X 0.1 

IS 

324 

331 

20S 

1 

53.5 

9 X 0.1 

14 

263 

285 

231 

1 

71.0 

12 X 0.1 

16 

326 

338 

187 

35 

97.0 

7 X 0.1 

4 X 0.15 

16 

334 

294 

208 

2 

123.0 

8 X 0.15 

17 

378 

337 

189 

8 

147.5 

4 X 0.15 

1 X 0.5 

2 X 0.1 

1 

18 

348 

. 32S 

181 

1 


* Inoculation: 0.001 c.c. of four-hour broth culture of pneumococcus, Group H. 


In Case 17 (Hosp. No. 2638) the amount of drug given per kik> 
gram of body weight for the first twenty-four hours ™ '° 3 Jurs 

fnd later 0.028 gm, bactericidal action 

after the initial dose, and remained constant there pneumonic 

course of administration; in spite of this fact, io\\ 
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ABSORPTION AND ELIMINATION 

Some knowledge of the rates of absorption and of elimination 
or destruction of optochin is desirable from a therapeutic standpoint, 
in order that the intervals between individual doses be not so long 
as to permit the bactericidal action to disappear from the circulat- 
ing blood. Methods for the quantitative determination of the small 
amounts of optochin involved are not available, so that for information 
needed on this point recourse must be had to a biologic method, such 
as that employed in this investigation. 

We have seen that optochin is rapidly absorbed from the gastro- 
intestinal tract, so that within less than three hours after 0.5 gm. has 
been taken by mouth it is possible to detect the specific inhibitory action 
in the patient’s blood. Table 3 shows that at the end of six hours after 
such a dose the inhibitory action was greater than at the end of eight 
hours, -which indicates that the drug at this latter time was being elim- 
inated or destroyed. When, now, a second dose of 0.5 gm. was given 
by mouth, tests conducted at the end of eight hours after this dose 
showed a greater inhibitory or bactericidal action than those at the end 
of the first eight hours. Similar results are seen in Table 4. These 
facts indicate that, under such conditions of dosage, the rate of absorp- 
tion of the drug is faster than that of elimination or destruction, as a 
result of which a positive balance is established and a certain amount 
of the -drug retained in the body. When numerous comparatively small 
doses of the drug are given in twenty-four hours (for example, 0.15 gm. 
every two and one-half hours) a steady increase is observed in the 
inhibitory power of the blood until bactericidal action is manifest, as 
shown by Tables 5 and 6. This again indicates that part of the drug is 
being retained in the body. Such retention lasts only so long as the 
drug continues to be supplied in sufficient quantity, for when it is dis- 
continued the blood soon loses its bactericidal power. Wright 4 has 
shown that the drug is eliminated in the urine. It is possible that.it 
may be in part destroyed in the body. Elimination probably proceeds 
at a fairly rapid rate, as indicated above, hence it is important, in the 
treatment of patients, that the intervals between the individual doses 
should not be too great. When the patient is receiving numerous doses 
of 0.15 gm. each and has in his blood a bactericidal action, it may 
happen that, if four hours or more are allowed to intervene between 
the individual doses, the bactericidal action may disappear. The fol- 
lowing case illustrates this point. 

Case 16 (No. 2582) S. S., tobacconist, aged 48, weight 45.3 kg. 

Past History. — Unimportant. 

Present Illness.— Chill, pain in chest, cough and bloody sputum two days before 
admission. 

Status on Admission: temperature 102.2 F., pulse 90; respirations 24. Signs. 
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Uiivxi 

— C AND D IN A > 



(i\0. 2638 ), Designated Serum G 


Strnin 

Serum 

Number of Colonies of Pneumococci per 

0.5 C.c. Serum When Plated* 

Immedi- 

ately 

| After 2 % 
Hours Inc. 

1 After 
Hours Inc. 

Aftcr21 
Hours Inc. 

A 

Normal 

207 

822 

A. O. 

O. 

A 

G 

232 

68 

7 

0 

B 

Normal 

218 

796 

O. 

O. 

B 

G 

924 

S76 

6 

0 

0 

Normal 

434 

10,000 Est. 

t 

0. 

O. 

0 

G 

398 

43 

4 

1 

D 

Normal 

730 

A. O. 

O. 

O. 

D 

G 

737 

10,000 Est. 

O. 

O. 

Group II 

Normal 

229 

400 

O. 

O, 

Group II * 

G 

263 

32 

0 

0 


* Inoculation: 0.00001 to 0.000001 c.c. of eighteen-hour broth cultures. 


From Table 24 it is seen that Strains A and B, isolated from the 
sputum and blood, respectively, on admission and before the patient 
had received any optochin, and Strain C, isolated from the left lung 
after death, grew readily in ordinary broth, but were killed in very high 
dilutions of the drug in broth (1 : 1,000,000 to 1: 5,000,000) ; on the 
contrary. Strain D, isolated from the heart’s blood immediately after 
death, grew freely in much greater concentrations of the drug and was 
only killed in a concentration of 1 : 100,000 or greater. Furthermore, 
as shown by Table 25, when incubated in serum obtained from the 
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was in progress. The patient became slightly deaf while receiving the drug, but 
this condition disappeared when the drug was stopped. 

Amount of optochin per kilo of body weight per twenty- four hours; rust 
twenty-four hours = 0.0286 gm.; second and third twenty-four hours = 0.033 gm. 

It will be seen from a study of Table 20 that this patient (Case 16, 
Iiosp. No. 2582) received an initial dose of 0.4 gm. and that within two 
hours his serum had acquired bactericidal power. The second dose, 
0.15 gm., was given two hours after the first, and there then followed 
two doses of 0.15 gm. at intervals of three hours, during which time 
the serum was constant in its bactericidal activity. During the remain- 
ing three fourths of the first twenty-four hours the doses of 0.15 gm. 
were given at intervals of from three and three-fourths hours to four 
and one-half hours, and it is significant that between the twelfth hour 
and the twenty-fourth hour bactericidal action disappeared and was 
replaced by only slight inhibition (Specimens 6, 7 and 8). From the 
twenty-fourth to the thirty-sixth hour the drug was given in doses of 
0.15 gm. every two or three hours, and the specimen of serum obtained 
about the thirty-sixth hour of treatment showed definite bactericidal 
activity. In this patient it would seem that, early in the course of 
treatment, the rates of absorption and elimination were comparatively 
rapid, and, also, that a period of four hours constituted too long an 
interval between individual doses of 0.15 gm. each. 

Case 8 (Hosp. No. 2566), Table 10, illustrates the same principle. 
Hence, in administering frequent small doses of optochin to patients, if 
it be desired to establish and maintain a constant bactericidal action in 
the serum, too great an interval of time must not elapse between single 
doses. 

In Case 16 (Hosp. No. 2582), Table 20, the protocol shows that 
after the patient had received optochin for more than seven days a 
specimen of serum obtained ten hours after the last dose still showed 
bactericidal action. This would suggest that when adequate adminis- 
tration of the drug lasts over a comparatively long time, considerable 
accumulation of the drug may take place, so that bactericidal action in 
the serum is maintained for a longer time than would be expected after 
a shorter course of administration according to the same dosage. A 
similar observation has been made in several of our cases. The possi- 
bility occurs, therefore, of diminishing the dosage after several days’ 
administration of the .drug, and still maintaining the bactericidal action 
in the serum. 

In Case 6 (Hosp. No. 2673, Table 8), however, in the last twenty- 
four hours of treatment, that is on the. fifth to sixth day, the amount of 
the drug given per kilogram of body weight was reduced to 0.016 gm., 
and the bactericidal action disappeared from the serum four hours after 
the last dose. 



662 


THE ARCHIVES 


OF INTERNAL MEDICINE 

in part caused by the use of optochin ; even in this case it k nnt i 
clear that heart failure was occasioned by the optochin The toxic 
symptoms noticed have generally , been transient and have «saa% 
disappeared when the drug was discontinued. The principal ones that 
occur are referable to the eye and the ear. In some cases vomiting has 
been reported ; this may be due in some instances to the bitter taste of 

he drug, which rivals quinin in that respect. Vomiting, however is 
rather infrequent, and one disadvantage connected with it is the possi- 
bility that the drug may be ejected. In only one of our cases was 
vomiting frequent enough to interfere with the administration of the 
drug, and in that case it is doubtful if the optochin was the cause. 

The symptoms referable to the ear comprise ringing and roaring 
noises and partial deafness. In six of our cases tinnitus and partial 
deafness were associated, and in one case there was tinnitus alone, 
without deafness. In every case these symptoms were transient, dis- 
appearing shortly after the drug was discontinued. Indeed, in some 
instances these symptoms disappeared or became less evident while the 
drug was still being given in full amounts. 

The symptoms referable to the eyes are more serious. It is difficult 
to determine the percentage of recorded instances of eye trouble due 
to the use of the drug ; a review of the literature would seem to show 
that about 4.57 per cent, of all reported treated patients have had 
transient amblyopia or amaurosis. In one recorded case has there 
■ been permanent, almost complete, blindness. In this case, reported by 
Oliver, the patient received 5 grains (0.3 gm.) every three hours, which 
would mean 2.4 gm. per twenty-four hours (total amount 7.7 gm.), a 
dose probably greater than that usually given. In all other cases of 
amblyopia and amaurosis reported in the literature, the visual dis- 
turbances apparently disappeared after the drug had been discontinued. 
With the impairment of vision the pupils may be widened, may not 
react to light, and ophthalmoscopic examination may show tortuosity 
of the retinal vessels, and generally shows narrowing of the arteries. 
Whether these changes in the pupils and vessels precede the impair- 
ment of vision for any considerable time cannot be said at present; 
they did not appear in any of our cases with the exception of the one 
that had already developed amaurosis, although all of the patients who 
received the drug had daily ophthalmoscopic examinations. It is inter- 
esting to note that the ophthalmoscopic picture in optochin amblyopia 
is said to resemble closely that of quinin amblyopia. 27 

27 Since the foregoing was written L. Lorant (Deutsch med. Wchnsclir., 
iarn 42 law has described a case of total amaurosis in a woman who appa 
Sfr ece vc dgm of 0 tel, in hydrochlorid per twenty T ££ 
of 02 gm. Vision was only slightly restored six months *f s 

also, we have observed transient am V'JP'a. “ s ^^ ut h in amounts sufficient to 
patients who received optochin hydrochlorid 3 administration 

produce pneumocoecidal action in the blood s “ a ™ an 4 
of the drug was discontinued on the first appearance oi 
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chin is capable of passing from the blood, through the capillary wall, 
into the pericardial cavity. This fact is of importance as regards the 
permeability of the capillaries for optochin and also because of the 
bearing it has on the possible influence of the drug on the occurrence 
of empyema or pericarditis in cases of lobar pneumonia . 20 

“fastness” 

As stated previously, pneumococci, when subjected to the action of 
concentrations of optochin not sufficiently great to destroy them, may 
react against the drug in such a manner that they attain a condition in 
which they are uninfluenced by concentrations of the drug formerly 
great enough to bring about their death. This state of resistance or 
“fastness” may be acquired within the animal body (mice) as well as 
in the test tube. In lobar pneumonia the conditions may be not unfav- 
orable for the acquisition of this characteristic by the pneumococci. 
Thus, in the consolidated portions of the lung the organisms may be 
protected mechanically from the action of the full strength of the cir- 
culating drug, by reason of a possible relative impermeability of the 
exudate for optochin, or other factors. 

In one of our cases in which the patient was treated consistently and 
according to what would seem to be the optimum method of dosage, it 
was possible to recover from the blood immediately after death a strain 
of pneumococcus which was definitely “fast” toward the drug; whereas 
the strain recovered from the blood before optochin treatment was 
begun did not exhibit this characteristic. The details of this case follow. 

Case 17 (No. 2638). — C. G., pedler, aged 55, weight 42.8 kg. 

Past History. — Unimportant. 

Present Illness . — Cough for several days; became worse two days before 
admission, when patient began to have pain in chest. 

Status on Admission: temperature, 103.8 F. ; pulse, 106; respirations, 40; 
involvement of part of right lower lobe; roentgenogram shows shadow in this 
area; white blood count, 18,000; sputum tenacious, slightly blood streaked, con-, 
taining pneumococcus. Group IV. Blood culture showed pneumococcus, 
Group IV. 

Course: Optochin started on the fourth day of disease; all doses given by 
mouth. During the first twenty-four hours the patient received a first dose of 
0.5 gm., a second dose of 0.15 gm. and seven doses of 0.1 gm. each. In the sec- 
ond, third and fourth periods of twenty-four hours each he received twelve 
doses of 0.1 gm. ; during the fifth period, seven doses of 0.1 gm. each and three 
of 0.15 gm. each; during the sixth period, nine doses of 0.15 gm. each. On the 
seventh day of the disease (third day of treatment) the involved area began to 
increase in extent and on the ninth day the entire right lower lobe was consoli- 
dated. At this time the patient was quite ill, but shortly afterward he seemed to 
improve somewhat, and on the tenth day of the disease the lowest temperature 
was 99.4 F. ; the highest 101.6 F. On the eleventh day (seventh day of treatment) 


26. Since the foregoing was written we have been able to demonstrate pneu- 
mococcidal action in the pericardial fluids obtained from two other patients 
who had received optochin hydrochlorid by mouth for several days. 
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is^rldnf steadily ini 

abnormai thing she notices is fatigue of the eyes after reading * 

The total amount of optochm given was 2 gm. Amount of optochin per kilo 
of body weight, per twenty-four hours = 0.0285 gm. P k ° 


The occurrence of amblyopia in 4.57 per cent, of all published cases 
m which the patients have been treated with optochin constitutes a 
distinct drawback in the use of the drug. The danger of permanent 
impairment of vision as a result of the use of optochin should always 
be borne in mind. Patients undergoing treatment with the drug should 
be carefully watched and questioned with this possibility in view. 


INFLUENCE ON THE CLINICAL COURSE OF THE DISEASE 

In attempting to determine the effect of optochin treatment on the 
course of the disease in the patients reported in this series, the cases 
will be analyzed from the following points of view: (1) the occurrence, 
during optochin treatment, of involvement of a hitherto uninfected 
lobe of the lung, designated as “spread” for brevity’s sake; (2) the 
occurrence of pneumococcal septicemia before or during treatment, or 
after treatment was discontinued; (3) the duration of the disease, and 
(4) the mortality rate. 

1. The Occurrence of “Spreads .” — The involvement of a hitherto 
unaffected lobe during the course of lobar pneumonia is an unfavorable 
sign. It is an indication that the resistive powers of the individual 
have not succeeded in arresting the progress of the disease, and it 
constitutes an additional increment to the burden which the patient is 
compelled to bear as a result of the infection. In view of these con- 
siderations it would seem that the prevention of these so-called 
“spreads” during the course of specific treatment of lobar pneumonia 
may be taken as some measure of the ability of the treatment to arrest 
the progress of the disease. 

In seven of the thirty-two patients treated with optochin the pneu- 
monic process spread to an, uninvolved lobe during the course of treat- 
ment. In judging whether or not such a spread had occurred, we have , 
been guided by the physical signs for the most part, aided, in some 
instances, by Roentgen-ray or necropsy examinations. It is recognized 
that involvement of a lobe may take place many hours before definite 
indication of such is given by the physical signs; this fact has been 
taken into consideration when deciding whether or not a spread ha 
occurred during treatment. Thus, if the physical signs indicating 
involvement appeared within less than twenty-four hours after the 
drug was first given, it was considered that the involvement had actu- 
ally taken place before treatment had been begun. Some such definite 
time limit is necessary if the observations are to have any \aue. 
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process spread to previously uninvolved portions of the lung and the 
patient died. The blood culture on admission showed the presence of 
pneumococcus, Group IV. Unfortunately, no other blood cultures were 
made during life, but a culture from the heart’s blood, made immedi- 
ately after death, yielded an organishi belonging to the , same immu- 
nologic group as did a culture from the left lower lobe (the advancing 
lesion) made at the same time. A culture made from the lesion in the 
right lung, just after death, was sterile. In all, four strains belonging 
to the same immunologic group were obtained from this patient 
(including those isolated from the sputum and blood on admission). 
All four strains were tested at the same time with regard to the pres- 
ence or absence of “fastness” toward optochin. This was done (1) 
by observing the growth of the various strains in varying concentra- 
tions of the drug in nutritive bouillon, and (2) by comparing their 
behavior in normal serum with that in serum obtained from the patient 
at the height of the administration of optochin, when his serum 
possessed a strong pneumococcidal action (Experiment 2). 

Experiment 2. — Eighteen-hour broth cultures of all four strains were used. 
Dilutions of optochin hydrochlorid in broth, varying from 1 : 10,000 to 1 : 5,000,000, 
were freshly made up, tested for sterility, and into tubes containing 5 c.c. of each 
of these dilutions 0.05 c.c. of each of the above-mentioned cultures was inocu- 
lated. The tubes were then incubated at 37 C. and readings made at the end of 
twenty-four hours and forty hours. Specimens of the eighteen-hour cultures 
used for incubation were diluted and the dilutions plated in order to be sure 
that the inoculations were comparable. That they were comparable is shown 
by Table 23. For convenience the strains have been designated as follows : 

Strain A, isolated from the sputum on admission. 

Strain B, obtained from the blood on admission. 

Strain C, obtained from the left lower lobe immediately after death (spread- 
ing lesion). 

Strain D, obtained from heart’s blood after death. 


TABLE 23. — Number of Colonies of Pneumococci Present in 0.00001 C.c. of 
Eighteen-Hour Broth Cultures of Strains A, B, C and D 


Dilution, O.c. 

Strain A 

Strain B 

1 

Strain O 

Strain D 

0.00001 

944 

2,168 

2,228 

1,120 


Table 23 shows that more or less comparable numbers of bacteria 
were present in the cultures, of each of which 0.05 c.c. was used for 
inoculation. 

The amount of growth in the tubes (Table 24) was judged macro- 
scopically, and in addition smears from tubes 1 to 5, inclusive, Strain D 
and from Tube 1, Strain 33, showed gram-positive diplococci after forty 
hours’ incubation. From the first three tubes of each strain which 
showed no growth after forty hours’ incubation, 0.5 c.c. was removed 
and plated in about 20 c.c. of 1 per cent, glucose agar. These plates 
after forty-eight hours’ incubation showed no colonies. 
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plete inhibition but not bactericidal action, was manifest in the blood 
serum; one (Hosp. No. 2466) showed a progressive increase in the 
number of pneumococci in the blood, but vomited frequently during the 
course of administration of the drug,' so that undoubtedly considerable 
optochin was lost (no bactericidal tests were made); one (Hosp. No. 
2508, alcoholic, delirium tremens) died sixteen hours after the initial 
dose of the drug and before a second blood culture could be made; 
and one (Case 17, Hosp. No. 2638) showed in the blood immediately 
after death pneumococci which were “fast” to the concentration of the 
drug present in the blood stream of the patient during treatment, a 
concentration which sufficed to kill the strain present in the blood and 
sputum before treatment was begun. Thus in two of the six cases 
there is some ground for believing that the optochin may have been 
instrumental in ridding the circulating blood of living pneumococci. 

One patient (Case 14, Hosp. No. 2593) gave a negative blood cul- 
ture immediately before the optochin was commenced, but shortly 
before death there were four colonies of Pneumococcus inucosus per 
1.0 c.c. of blood. During the last thirty hours of life this patient 
received no optochin, owing to inability to swallow the drug. 

These observations do not afford much information concerning the 
value of optochin treatment on the course of pneumococcal septicemia 
in lobar pneumonia, except in the one instance in which a strain of 
pneumococcus was shown to acquire a condition of fastness within 
the body of the patient. 

It is possible that the persistence or occurrence of a pneumococcal 
septicemia after the patient has received optochin for a period of 
twenty-four hours does not necessarily indicate that the drug is not 
able to cope with the septicemia, for in some instances more than 
twenty-four hours may be necessary for the drug to destroy all the 
organisms in the circulating blood, as indicated by the bactericidal tests ; 
moreover, the presence of a few pneumococci in the blood stream at 
any one moment does not necessarily mean that they have been there 
continuously for a considerable period of time, or that they are actually 
multiplying in the blood, for it is possible that they may be continually 
gaining access to the circulating blood from the infected focus, where 
they may be protected from the action of the optochin in full strength. 

3. Duration of the Disease .— The determination of the duration of 
an attack of lobar pneumonia, when crisis does not occur, is not easy; 
in analyzing the cases from this standpoint it has been necessary to 
set arbitrary standards as criteria of the termination of the active 
process. Where the disease did not terminate in a crisis which was 
unmistakable, it has been considered that the acute process ha en e 
when the rectal temperature reached 100 F., and the patient was o vi 
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patient himself, which showed a definite pneumococcidal action, strains 
A, B and C and a strain belonging to Group II were readily killed, 
whereas Strain D was not killed, but grew almost as readily in this 
serum as in normal human serum. 

The facts brought out in these experiments are clear : A strain of 
pneumococcus isolated from the heart's blood immediately after death 
was “fast” toward optochin; whereas, strains isolated from the sputum 
and blood before the administration of optochin and from the lesion 
in the left lung after death, did not show this condition of fastness. 
This fastness or resistance to optochin of Strain D was acquired at 
the most within eight days after the drug treatment was started, and 
all tests made during this time showed a decided bactericidal action in 
the patient's blood serum. The actual mode of development of the 
fastness and the conditions favoring its production are not clear. 

In the last twenty-four hours of the patient’s life the drug was 
omitted for a space of seven and one-half hours, after which time it 
was resumed and a comparatively large dose, 0.5 gm., given at once, 
followed by two doses of 0.1 gm. It seems unlikely that during this 
intermission of the drug treatment the concentration of optochin in 
the blood fell to such a point that fastness was acquired within this 
time; as we saw in Case 16 (Hosp. No. 2582) (preceding section) 
that when optochin is given over several days there may be evidence 
of retention or accumulation of the drug, inasmuch as the serum 
showed a bactericidal action for as long as ten hours after the last dose. 

The possibility exists that a certain degree of fastness was acquired 
by some of the organisms in the peripheral part of the consolidated 
area, and that this condition was .sufficient to permit them, during the 
time that the treatment was omitted, to invade the blood stream where 
they could, during the intermission, and later, conceivably develop a 
still greater degree of resistance to the drug. It is probable, however, 
that the fatal outcome of the case is not to be attributed necessarily to 
the fact that the drug was discontinued for a brief interval. Never- 
thless, the fact that the infecting micro-organism was able to become 
so resistant to the concentration of optochin present in the blood serum 
during treatment that invasion of the blood stream was not prevented, 
was probably an important factor in this case in preventing a successful 
outcome from optochin treatment. 

TOXIC EFFECTS 

Optochin in too large amounts is toxic for laboratory animals, and[ 
in the clinical use of the drug certain toxic symptoms have been 
observed. So far as known, only one human death has been, in part, 
attributed to the use of the drug, and in that case it was given intra- 
venously; 10 death was in that case considered to be due to heart failure, 
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serologic groups of pneumococci in lobar pneumonia and the mortality 
rate m each grcup. The figures haye been coUected irom ^^ 

Sis infettiom 6 C ° nStitUte & re P resentative of cases of 


TABLE 26. Incidence of Serologic Groups of Pneumococci in Cases of 

Lobar Pneumonia 


Institution 

Number of Oases 

Per Cent. 

Group 

I 

Group 

II 

Group 

III 

Group 

IV 

Group 

I 

Group 

II 

Group 

m 

Group 

IV 

Hospital of Bockefeller Institute 

113 

104 

37 

74 

34.0 

31.0 

11.0 

22.0 

Pennsylvania Hospital 

32 

26 

3 

34 

33.0 

27.0 

3.0 

30.0 

Cook County Hospital 3 * 

50 

25 

5 

31 

45.0 

22.5 

4.5 

i 

28.0 


195 

155 

45 

139 

36.0 

29.0 

8.4 

26.0 


Total cases, 534 






TABLE 27. — Variations in Mortality of Cases of Lobar Pneumonia Not 
Specifically Treated Depending on the Serologic Group of • 
Infecting Pneumococcus 


Institution 

Number of Cases 

Mortality Percentage 

Group 

I 

Group 

II 

Group 

III 

I Group 

| rv 

Group 

I 

Group 

II 

Group 

m 

Group 

IV 

E* 

D* 

B 

D 

E 

D 

B 

D 

Hospital of Bockefeller Inst. ... 

32 

9 

40 

16 

14 

15 

58 

10 

22.0 

28.6 

52.0 

14.7 

Pennsylvania Hospital 

23 

9 

19 

7 

1 

2 

30 

4 

29.0 

27.0 

67.0 

11.0 

Cook County Hospital 34 

37 

13 

18 

7 

1 

4 

23 

8 

26.0 

28.0 

80.0 

26.0 

Total 

92 

31 

77 

30 

16 

21 

HI 

22 

25.2 

28.0 

56.0 

14.0 










' — — V “ 

Genera] Mortality 25 per Cent. 


* B = recovered; D = died. 


Table 26, which was based on a study of 534 cases occurring in 
three clinics, each in a different city, shows that an average of 36 per 
cent, of all cases of lobar pneumonia due to the pneumococcus are 
caused by strains of this organism belonging to Group I. This per- 
centage of incidence is greater than that of any of the other three 
groups; the incidence of Groups II and IV being approximately equal, 
whereas, infection with strains belonging to Group III is much more 
infrequent. On the other hand, reference to Table 27 shows that the 
mortality among cases of infection with Group III is much greater 


34. Mathers, G. : Jour. Infect. Dis., 1915, 17, 514. 
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There is some ground for believing that the visual disturbances may 
depend to a certain extent on idiosyncrasy. That a condition of sus- 
ceptibility to the drug may be an important factor is indicated by the 
fact that some patients develop amblyopia after they have had only 
2 gm. or less of optochin, whereas others do not acquire it even after 
they have received as much as from 10 to 16 gm. Study of the litera- 
ture seems to indicate, however, that the more the daily dosage is sub- 
divided, the less frequent are the visual disturbances. If subsequent 
observation bears out this point, an additional reason is supplied for 
not giving the drug in three large doses in. twenty- four hours, which 
method, as shown previously, probably gives rise to considerable fluc- 
tuations in the concentration of optochin in the circulating blood. It is 
possible, also, that the maintenance of the body-weight relationship may 
help to diminish the frequency of occurrence of this complication by 
preventing overdosage. Daily examination of the ey.egrounds and the 
pupils may give warning of impending serious symptoms and thus 
indicate the discontinuance of the drug, or reduction of dosage. 

One of the patients included in the present study complained of 
photophobia during the course of administration of the drug, but on 
close questioning the patient admitted that this symptom was present 
before admission to the hospital; the optochin was not discontinued 
and no impairment of vision resulted. Another patient (Case 18, 
Hosp. No. 2573) developed an acute retinitis with temporary blindness 
after receiving four doses of 0.5 gm. each at intervals of eight hours, 
and deserves to be recorded in detail. For the ophthalmoscopic notes 
we are indebted to Dr. Otto Schirmer of New York, who followed the 
case closely and with interest. 

Case 18 (No. 2573). — Aged 16, weight 52.6 kg. 

Past History. — Unimportant. 

Present Illness. — Cough and pain in the chest two days before admission. 

Status on Admission: temperature, 103.4 F.; pulse, 120; respirations, 40; 
involvement of right lower lobe; white blood count, 18,000; blood culture sterile; 
sputum tenacious, slightly rusty, containing pneumococcus, Group II. 

Course: Optochin started on fourth day of disease. All doses were given by 
mouth. Four doses of 0.5 gm. each were given at eight-hour intervals. After 
receiving 2 gm. the patient suddenly complained of inability to see. The pupils 
were found to be dilated and did not react to light or on accommodation. The 
patient could not distinguish a bright light when flashed directly before her eyes. 
Ophthalmoscopic examination showed reddish disks, with blurred outlines, gray 
retinae, tortuous arteries and dilated veins. Diagnosis: acute toxic retinitis (Dr. 
Schirmer). The administration of optochin was discontinued at this point. The 
temperature fell by crisis on the eighth day. After six days of total blindness 
the patient could distinguish light from darkness. Her vision gradually returned, 
the disks lost their reddish color, the retinae became less hazy, and the arteries 
became contracted and lost their tortuosity. Three months after the temporary 
blindness, central vision was 15/20 with each eye; visual fields were contracted 
to about' 10 to 15 degrees and the arteries remained narrow. 

Seven months later the visual fields had appreciably increased in extent, and 
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very encouraging- results from treatment with the tvne hnmei 
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excluded from consideration, because the value of this agent in the 
treatment °f cases of lobar pneumonia has not as yet been established 
and also because in each instance the extract was not given until after 
the dmg had been administered over a sufficiently long period and in 
sufficient amounts to produce bactericidal action in the patient's serum 
Moreover, antiserums to Groups II and III are by no means as potent 
m protective power as the antiserum to Group I, and the Group II 
antiserum, which is more potent than that of Group III, has thus far 
proved disappointing in clinical practice. The pneumococcidal action 
of the serum in vitro xvas shown not to have been enhanced by the 
administration of the serum extract. 


In all, eight cases have been excluded; of these, four patients 
■ recovered and four died, one of the latter (Hosp. No. 2508, alcoholic, 
delirium tremens) in sixteen hours after the first dose of optochin. 
According to the revised statistics, twenty-four patients were consid- 
ered to have been adequately treated with optochin, and of these, twenty 
recovered and four died, making a mortality rate of 17 per cent. The 
incidence of the various groups in this series of cases and the mortality 
rate of each group are represented in Tables 28 and 29, respectively. 


TABLE 28. — Incidence of Serologic Groups of Pneumococci in Cases of 
Lobar Pneumonia Patients Treated with Optochin 


Group 

Number of Oases 

Per Cent, 

ir ! 

10 

42 

in : ; 

7 i 

29 

rv. 

0 

25 

Unclassified 

1 

4 

Total 

24 

: 



Table 28 shows that of the patients that may be legitimately 
regarded as having been adequately treated with optochin, the majority 
of cases were caused by organisms belonging to Groups II and III. 
When it is recalled that, according to Table 27, the mortality among 
the patients whose cases were due to pneumococci belonging to these 
groups is greater than that among cases due to pneumococci of Groups 
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Although seven cases showed such a spread during treatment, an 
analysis shows that in one instance (Hosp. No. 2466) the patient 
vomited frequently during the administration of the drug, so that it is 
impossible to say whether or not she- received a sufficient amount of 
the drug. (No bactericidal tests of the serum were made in this case.) 
In another case (Case 9, Hosp. No. 2581) the amount of drug given 
per kilogram of body weight per twenty-four hours was 0.0187 gm., 
and the bactericidal tests showed that this amount was insufficient to 
produce bactericidal action at any time in the serum of the patient; 
consequently, in this instance, it could scarcely be expected that the 
disease would be arrested by the use of the drug. As a matter of fact, 
the condition of this patient grew steadily worse for several days while 
receiving the drug. Another patient (Hosp. No. 2499), weighing 
80.4 kg., who received 0.0186 gm. of optochin per kilogram of body 
weight per twenty-four hours showed evidences of a spread during 
treatment. Unfortunately no bactericidal tests were carried out in this 
case, but, from the foregoing studies we should expect that the amount 
of optochin given was insufficient to produce bactericidal action in the 
serum. Still another patient (Case 14, Hosp. No. 2593, p. 650), who 
received an amount insufficient to produce bactericidal action in the 
serum, as shown by tests, gave definite indications that a spread took 
place during treatment. Of the seven patients who exhibited a spread 
of the pneumonic process during administration of optochin, probably 
three received an amount of the drug which sufficed to produce in the 
serum a decided bactericidal action on pneumococci. 

2. Pneumococcal Septicemia . — It would seem that if, under opto- 
chin therapy, the blood serum acquires the property of killing pneu- 
mococci in the test tube, the presence of pneumococcidal activity in 
the blood stream should be able to prevent the occurrence of a pneu- 
mococcal septicemia or to destroy the micro-organisms already present 
in the blood stream. Leschke 28 and others saw favorable results from 
optochin treatment in pneumococcal septicemia. 

In six of the cases which are included in this study, positive blood 
cultures 20 were obtained before the administration of optochin was 
begun. Of these six, two (Cases 1 and 6, Hosp. Nos. 2600 and 2673) 
gave negative blood cultures twenty-four hours after the initial dose 
of optochin, and in each case tests showed the presence of bactericidal 
action in the patient’s serum at that time. Of the remaining four, one 
(Case 12, Hosp. No. 2711) still showed a positive blood culture twenty- 
four hours after the initial dose of optochin and at a time when com- 


2S. Leschke E : Deutsch. med. Wchnschr., 1915, 41 , 1359; Miinchen. med. 
Wchnschr., 1914, 61 , 2433; Berl. klin. Wchnschr., 1915, 61 , 634. 

29. Ten cubic centimeters of blood were incubated in 150 c.c. of broth as a 
routine. 
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DISCUSSION 

The aim of specific chemotherapy in lobar pneumonia should be to 
destroy the pneumococci in the affected portions of the lung, to confine 
the pathologic process to the part of the lung involved, and to prevent 
the occurrence of empyema and of septicemia, as well as complications 
resulting therefrom; in short, to prevent direct or indirect extension 
of the morbid process from the focus of disease. 

It is obvious that if a drug is to be used as a specific in the treat- 
ment of this disease it must possess a bactericidal action on pneumo- 
cocci in the presence of body fluids ; further, if it is to be given' by 
mouth, it must be capable of being absorbed from the gastro-intestinal 
tract into the blood stream, and of being there maintained for an 
adequate period at a concentration sufficient to kill pneumococci with- 
out causing harm to the patient at the same time. To be of maximum 
value in the control of the disease, it should possess the property of 
passing through the capillary walls into the alveolar spaces and of 
penetrating the inflammatory exudate there encountered. 

Optochiri hydrochlorid fulfils at least some of these requirements 
under certain definite conditions. First, the drug, even in great dilu- 
tion, possesses a marked bactericidal action on pneumococci in vitro in 
the presence of human blood serum and whole blood. In the second 
place, insofar as' may be judged from the present study, which com- 
prises too few cases to warrant final conclusions, it is capable of being 
absorbed from the gastro-intestinal tract into the blood stream in such 
amounts that a certain degree of pneumococcidal power may be main- 
tained there for several days, provided the following conditions are 
fulfilled : 

1. That the amount of the drug given per kilogram of body weight 
per twenty-four hours be at least 0.024 gm. (Amounts smaller than 
this, as low as 0.02 gm., may be sufficient to produce bactericidal action 
in the serum, but they cannot always be relied on to do so.) 

2. That the size and spacing of the individual doses be suitably 


arranged. 

Under such a regulation of dosage, however, amblyopia may result. 
This complication has occurred in 4.52 per cent, of all cases reported in 
the literature, and was generally recovered from ; its occurrence in the 
future may possibly be lessened when the drug is given m accordance 
with a method such as that outlined above; there seems to be no dou 
that some of the cases in which visual disturbances occurred rece * ve 
a larger amount of the drug than that necessary to insure the produ - 

tion of bactericidal action in the serum. 

Whether or not the drug can pass through the capdhncs ; of 
pulmonary vessels and penetrate the fibrinous exudate m 
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ousl’y in a satisfactory • condition. This method has, of course, dis- 
advantages, but it will serve as a basis for discussion. 

The average duration of the disease in twenty-three of the twenty- 
four cases in which there was recovery was 8.1 days. 30 In twelve of 
these twenty-three cases optochin treatment was started on or before 
the third day of the disease and the average duration of the disease in 
these cases was 7.4 days; the average duration of the disease in the 
eleven cases in which the optochin treatment was begun after the third 
day of the disease was 8.9 days. Thus, any considerable shortening of 
the duration of the disease was not apparent in our cases. 

4. Mortality Rate . — As a result of the work of Cole 31 and his asso- 
ciates, considerable light has been thrown on the immunologic rela- 
tionships of the pneumococci found in cases of acute lobar pneumonia. 
On the basis of certain immunity reactions it has been found possible 
to divide the pneumococci found in lobar pneumonia into four general 
groups. In three of these (Groups I, II and III) the members of each 
group show certain complete cross immunologic reactions among them- 
selves, but not with members of any other group. Group III consists 
of organisms which, on the basis of cultural and morphologic charac- 
teristics, are identical with the type known as Pneumococcus mucosus. 
The individual members of Group IV, thus far, have not been found 
to show cross immune reactions with one another, or with members of 
Groups I, II or III. 

It has been found that the percentage of cases of lobar pneumonia 
due to pneumococci of one or other of these groups may vary some- 
what from year to year and in different clinics ; moreover, the pneumo- 
cocci belonging to these various groups show quite marked differences, 
among other things, in their virulence both for human beings and 
for experimental animals, so that considerable variations are encoun- 
tered in the mortality rate of cases of lobar pneumonia, depending on 
the particular group to which the infecting pneumococcus belongs. 82 
In view of these facts, a consideration of the mortality rate in any 
series of cases of lobar pneumonia, treated according to a particular 
method, is not of full value unless the cases be studied from the stand- 
point of the groups to which the infecting pneumococci belong. This 
consideration will be more clearly brought out by a study of Tables 26 
and 27 (Cole 33 ), which show the average incidence of the various 


30. The one patient that received large doses of antipneumococcus serum 
Group I, is excluded. 

. 31 - . Cole > R - : The Archives Int. Med.,' 1914, 14, 56. Dochez, A. R., and 
J.: Jour.' Am. Med. Assn., 1913, 61, 727. Avery, O. T.: Jour. Exper. 
Med., 1915, 22, 804. 

32. Cole, R.: New York Med. Jour., 1915, 1 and 58. Mathers, G.: Jour 

10 fe i38 DlS ” 1915 ’ i7, S14 ‘ C ° Ie ’ R ' : TratlS ' C ° ng ‘ Am ' PhyS * and Surg -' 1916 ' 

33. Cole, R.: Tr. Cong. Am. Phys. and Surg., 1916, 10, 138. 
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recovered and four died) where the optochin treatment for one reason 
r another was, on the basis of experimental or clinical observations 
almost certainly inadequate, the expected mortality among twenty-three 
cases was calculated to be 33 per cent., whereas the actual mortality 
was found to be 19 per cent. It. must, however, be again emphasized 
that the number of cases in the series is far too few to permit of final 
conclusions. 


In this paper stress has been laid on the rapid attainment and main- 
tenance in the circulating blood of a concentration of optochin suffi- 
cient to exert pneumococcidal action; further, it has been urged that 
the dosage of the drug should be regulated with this bactericidal action 
as a criterion, since this is the only objective method available for 
determining the optimum system of dosage. It must be borne in mind 
that a concentration of optochin in the circulating blood sufficient to 
exert bactericidal action in vitro may not, necessarily, be sufficient to 
influence favorably the course of the disease in the human body, for 
several reasons. It is probable that, for the drug to influence the course 
of lobar pneumonia to the greatest extent, it must penetrate the inflam- 
matory exudate in the alveolar spaces and bring about the destruction 
of the pneumococci there present. To bring about the passage of the 
drug through the capillary walls into the exudate, a concentration of 
optochin in the blood stream in excess of that required to produce bac- 
tericidal action in the serum may be necessary. Whether or not this is 
' the case cannot be stated on the basis of our present knowledge of the 
conditions governing the behavior of the drug in the human body ; it is 
certain that the toxicity of the drug sets a limit to the concentration of 
optochin which may be attained in the serum in any given case. In one 
instance in the present study, as already stated, the drug was shown to 
be present in the pericardial fluid after oral administration. If this 
observation 26 should be confirmed in the future, the evidence will be in 
favor of. the view that the drug can, ordinarily, make its way through 
the capillary wall into the alveolar spaces, although not necessarily into 
the exudate. Here it may be noted that empyema did not occur in any 


case of the present series. 

The possibility of relative impermeability for optochin of the inflam- 
matory exudate in the alveolar spaces suggests that the early use of 
the drug, before consolidation is complete, may be of importance, and 
that such a condition of comparative impermeability, occurring later m 
the disease, after complete consolidation has taken place, may be ie 
reason why, according to several writers, better results are obtain 
in patients treated on or before the third day of the disease, n 
instances in the present series, where treatment ^as started not la 
than the second day, rather striking results were obtained cl mca y, 
although the cases were due to infection with pneumococci belong b 
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than that caused by infection with members of any of the other groups, 
Group II ranking second in this respect, Group I third and Group IV 
last. These tables show clearly the importance of determining in every 
instance the particular group to which the infecting pneumococcus 
belongs when attempting to draw any conclusions from mortality sta- 
tistics as to the value of any particular form of treatment in acute lobar 
pneumonia. Thus, if a particular series of cases studied were due, for 
the most part, to infection with organisms belonging to Group III, 
owing to the relatively high death rate (56 per cent.) in this group, the 
number of expected deaths would be greater than the number of such 
if the cases were due, for the most part, to organisms belonging to 
Group IV, in which the death rate is comparatively low (14 per cent.). 

Although the number of cases reported in this communication is 
altogether too small to warrant final conclusions as to the value of the 
drug in the treatment of lobar pneumonia due to the various immun- 
ologic groups of pneumococci, nevertheless, it seems desirable for 
future reference to record the mortality results from this point of view. 
In thirty-two cases of lobar pneumonia the patients were treated with 
optochin ; of these, twenty-four recovered and eight died, giving a mor- 
tality rate of 25 per cent. Thus, there is apparently no reduction in the 
death rate. We feel, however, that, in judging of the value of the drug, 
only those cases should be considered in which the patients were ade- 
quately treated, as far as our present knowledge of the subject permits 
us to decide. Accordingly, only those cases will be considered, from the 
point of view of mortality rate, in which the patients received sufficient 
optochin to insure the production of bactericidal action in the blood 
serum. We must, therefore, exclude from consideration those cases 
(Hosp. Nos. 2483 and 2573) in which for one reason or another the 
drug was discontinued shortly after administration had been begun, 
regardless of the ultimate outcome of the case; those cases (Hosp. 
Nos. 2581, 2508 and 2499) that failed to receive sufficient optochin per 
kilo of body weight per twenty- four hours to give rise to bactericidal 
action in the blood serum during the course of administration of the 
drug; one case (Hosp. No. 2466), that of a patient with vegetative 
endocarditis, who vomited frequently during the administration of the 
drug, so that undoubtedly much of the optochin was lost, and one case 
(Case 4, Hosp. No. 2659) in which crisis occurred before bactericidal 
action appeared in the blood. Finally, it was thought proper to exclude 
one case (Hosp. No. 2711) in which the patient received large doses of 
the type homologous serum intravenously, in addition to the optochin, 
and recovered. This case was one due to infection with a strain of 
pneumococcus belonging to Group I, in which group Cole 35 has obtained 
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following suggestions are made for the use of th* a 
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taste.) ( * 35 ****** glVen in because of its £ r 

- 2 - The drug should be administered in such amounts as will insure 

e rapid production and more or less constant maintenance within 
the blood stream , of a concentration sufficient to exert bactericidal 
action on the pneumococci.- 

3. To achieve this result, the total amount of optochin given by 
ie mouth per twenty-four hours should bear a definite relationship 
o the body weight of the patient, namely, at least 0.024 gm. of opto- 

chm hydrochlorid per kilogram of body weight. (It is possible that, 
after one or more days’ administration of the drug, lesser amounts may 
suffice owing to retention or accumulation within the body.) 

4. To secure the rapid production of bactericidal action in the blood 
stream the initial dose should be larger than the subsequent ones, the 
body weight relationship being at all times preserved. 

5. The individual doses should be given regularly throughout the 
treatment and the intervals between the doses should, in general, not 
exceed two to three-hours. Thus, in the case of individuals of average 
weight, say of 62 kg., 0.024 gm. per kilogram of body weight per 
twenty-four hours would mean a total of 1.5 gm. of the drug per 
twenty-four hours (Table 31). 


TABLE 31.— Scheme ok Dosage for Individual of Average Weight (62 Kg.) 



Initial dose of 0.45 gm. 


First 24 hours of 

Interval three hours 

Total, 

treatment 

- Seven doses of 0.15 gm. each, with an interval of three 
i hours between each two doses 

1.5 gm. 

Subsequent periods 

Ten doses of 0.15 gm. each, with an interval of about 

i 

1 Total, 

of 24 hours each 

2>/ e hours between each two doses 

1.5 gm. 


When the patient is below average size, the utilization of the same 
body weight relationship should insure the production of the bacteri- 
cidal action in the blood stream, as shown above (Cases 10, liosp. No. 
2675, and 11, Hosp. No. 2626, p. 644) ; such patients require a smaller 
total quantity of optochin per twenty-four hours than patients of 
greater weight. For example, a patient weighing 42 kg. should require 
only 1.0 gm. of optochin per twenty- four hours. The size and spacing 
of the individual doses in such a case is indicated by the treatment of 
Cases 10 and H (Hosp. Nos. 2675 and 2626, Tables 13 and 14, pp. 644 
and 645). 

When the patient is above average weight, in order to preserve the 
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TABLE 29. — Mortality in Cases of Lobar Pneumonia Patients Treated 
with Optochin, Arranged According to Serologic Groups 


Group 

Number 

of 

Oases 

Becovered 

Died 

Mortality 

Bate, 

Per Cent. 

17 

10 

9 

1 

10 

XII 

7 

5 

2 

29 

IV 

6 

5 

1 

17 

TTTiplfiKRl fieri 

1 

1 

0 

0 







24 

20 

4 

17 





I and IV, it will be seen that, although this series of cases is small, it 
nevertheless represents the severest types of infection with which one 
has to deal in cases of lobar pneumonia; therefore the drug may be 
said not to have had an easy trial. As explained earlier, only two 
patients belonging to Group I were treated with optochin. Table 29 
shows the actual mortality rate in the various groups. Table 30 con- 
trasts the actual mortality rate with the expected mortality rate in 
twenty-three treated patients, based on the figures given in Table 27, 
and also the number of deaths expected with that actually encountered 
(Hosp. No. 2 672, unclassified, recovered, is excluded). A reduction 
in the mortality rate over that expected was observed in cases due to 
Groups II and III, and no reduction in cases due to Group IV. The 
number of cases due to strains belonging to Group I was too small to 
warrant recording, in this estimation, the results of the treatment in 
cases falling in this group. The total expected mortality rate, there- 
fore, in this series of twenty-three cases was 33 per cent., and the total 
actual mortality rate was 19 per cent. 


TABLE 30. — Contrast Between Expected and Actual Mortality in 
Twenty-Three Patients Treated with Optochin 


Group 

Number of 
Oases 

Expected 
Mortality 
Bate, 
per Cent. 

Actual 
Mortality 
Rate, 
per Cent. 

Number 

of 

Expected 

Deaths 

Number . 
of 

i Actual 

Deaths 

n 

10 

28 

10 

3 

1 

111 

; 

7 

66 

29 

1 

4 

2 

IV 

6 

i 

14 

i 


1 

1 

Totals 

23 

33 

19 

\ 

8 

4 


A summary of the complete series of cases is given in Table 32. 






















TABL 


Hosp. 

No. 

Age 

Weight, 

Eg. 

1 

Group 

of 

Infecting 

Pneumo- 

coccus 

Blood 

Culture 

Before 

Treat- 

ment 

Bay of 
Disease 
When 
Optochin 
Treatment 
Was 
Begun 

Method of 

Dosage of 
Optochin 
in Periods of 

24 H6urs 

Amount of 
Optochin, 
in Gm, per 
Kilo of 
Body 
Weight 
per 24.Hours 
(First Two 
Periods) 

Total 

Amount 

of 

Optochin 
in Gm. 

Dura- 
tion of 
Treat- 
ment 
with 

Optochin, 
Days 
(24 llrs.) 

2477 

2G 

62 

II ! 

Sterile 

4 

3 x 0.5 

0.0288 

4.5 

2.75 

2493 

22 

67. 1 I 

| 

II | 

1 

Sterile 

3 

3 x 0.5 

0.0222 

0.0 

4 

2521 

34 

57.4 

! 

ii ; 

Sterile 

7 

10 x 0.15 

0.0201 

7.5 

5 

2483 

40 

81.0 1 

ii 

Sterile 

3 

3 x 0.5 j 

0.0183 

3.0 

2 

2581 

1 

35 

80 

ii 

Sterile ! 

3 

1 x 0.5 + 7 x 0.15; 

10 x 0.15 thereafter 

0.0187 

3.8 

2.5 

\ 

10 

52.6 : 

i 

ii 

Sterile 

3 

3 x 0.5 

0.0285 

2 

1.3 

_ ;/• 

00 

j 

5S.4 1 

i 

ii 5 

1 

1 

Sterile s 

2 

1 x 0.45 + 7 x 0.15; 

10 x 0.15 thereafter i 

0.0250 ' 

5.7 

3.75 

‘25S6 

1 

2G 

05.4 j 

• 

ii 

Sterile | 

3 

1 x 0.45 + 7 x 0.15; 

10 x 0.15 

0.0229 

5.25 

3.5 

2460 

15 

1 

< 

44.9 

ii 

Positive; 
40 col. per 
1.0 c.c. 

2 

3 x 0.5; 0 x 0.25; 
vomited frequently 

? 

? 

2.0 

2020 ■ 

15 

42.2 

ii 

Sterile 

0 

1 x 0.3 + 9 x 0.1 ; 

12 x 0.1 ; 8 x 0.15 
thereafter 

0.0284 

5.05 

4.0 

2073 

39 

81.0 

ii 

Positive 

3 

1 x 0.5 + 9 x 0.15; 

13 x 0.15; 2(12 x 0.15); 
11 x 0.15 

0.0220 

0.0238 

9.5 

5.5 

2502 

05 

02 

II a 

Sterile 

3 

10 x 0.15 

0.0242 

0.0 

4 

\ 

2004 

20 

55.4 

II a 

Sterile 

1 

4 

1 

1 x 0.15 intramus. + 

7 x 0.15 by mouth; 

10 x 0.15 thereafter 
by mouth 

0.0270 

4.5 

3 

2058 

29 

06.6 

II a ’ 

Sterile 

SI 

1 x 0.5 intramus. + 

4 x 0.25 intramus.; 

10 x 0.15 thereafter 
by mouth 

0.0225 

3,9 

2.5 

2508 

2500 

2550 

2582 

48 

21 

03 

48 

75 est. 

67.2 

73.3 

45.3 

III 

I 

III 

III 

i 111 

Positive; 

I 2 col. per 
1.0 c.c. 

Sterile 

: Sterile 

: Sterile 

j 

1 4 

| 

2 • 

1 2 

S 

At rate of 10 x 0.15 

1 x 0.45 -f 7 x 0.15; 
10 x 0.15 

1 X 0.5 + 7 X 0.15; 
at rate of 10 x 0.15 
thereafter 

1 x 0.4 + 6 x 0.15; 

2 (10 X 0.15) 

0.020 est. 

0.0223 

0.022 

* 0.0280 
| 0.033 

1.2 

j 3.9 

2.0 

8.5 

i 

0.i5 

1 

2.75 

i 

1 

i 8 

i 

i 

; s 
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spaces cannot be stated. That it may pass through the capillary wall 
into a serous sac is demonstrated by one of our cases (Case 2, Hosp. 
No. 2705) which received optochin by mouth for several days, and in 
which it was possible to demonstrate in the pericardial fluid, obtained 
immediately after death, a bactericidal action on pneumococci in vitro 
as great in degree as that present in the blood serum shortly befoie 
death. 

The available experimental evidence, therefore, apparently goes to 
show that optochin fufils at least some of the requirements for its use 
as a specific chemotherapeutic agent in the treatment of acute lobar 
pneumonia, its chief drawback being the possibility that it may exert, 
in some instances, a toxic action on the eye. The ultimate decision as 
to the value of the drug in this disease, however, must rest on clinical 
experience based on its use in a large series of cases. In order to 
arrive at a scientific evaluation of its utility, it should be used sys- 
tematically and according to a method that will insure the rapid pro- 
duction of bactericidal action in the serum and the maintenance of the 
same at a more or less constant level, within the limits of safety for 
the patient. 

The rapid production and maintenance of the bactericidal action in 
the blood seem desirable in order that the infecting pneumococci may 
not acquire a condition of “fastness” to the drug, by virtue of which 
they become insusceptible to its action. That this consideration is not 
wholly theoretical is evidenced by the fact that pneumococci can acquire 
this property in vitro, and, further, by the demonstration that, in one 
instance (Case 17, Hosp. No. 2638), a strain of pneumococcus recovered 
from the heart’s blood immediately after death was fast not only to 
concentrations of optochin much greater than that necessary to kill the 
strain obtained from the patient’s blood on admission, but also to that 
concentration of optochin present in the blood of the same patient 
during the height of the treatment. 

As already stated, the fact that the severity and mortality of the 
disease bear some relation to the particular group to which the infect- 
ing pneumococcus belongs, must be taken into account in an attempt to 
estimate the value of any treatment of lobar pneumonia. It should be 
emphasized that Groups II and III are the most virulent of the groups 
thus far recognized, and that the death rate in patients infected with 
strains belonging to these groups is greater than in the case of the 
other groups. Inasmuch as the majority of the cases treated in this 
study were due to infection with members of these two groups, the 
drug may be said to have had a severe test. In the revised figures, 
after exclusion of Case 12 (Hosp. No. 2711, recovered), in which other 
efficient therapeutic measures were employed, of one unclassified case 
(Hosp. No. 2672, recovered), and of seven cases (of which three 



Hosp. 

No. 

Age 

Weight, 

Kg. 

Group 

of 

Infecting 

Pneumo- 

coccus 

Blood 

Culture 

Before 

Treat- 

ment 

Day of 
Disease 
When 
Optochin 
Treatment 
Was 
Begun 

Method of 
Dosage of 
Optochin 
in Periods of 

24 Hours 

Amount of 
Optochin, 
in Gm. per 
Kilo of 
Body 
Weight 
per 24 Hours 
(Pirst Two 
Periods) 

Total 

Amount 

of 

Optochin 
in Gm. 0 

2593 

37 

53.8 

III 

Sterile 

2 

1 x 0.4 in tram us. + 

7 x 0.15 by mouth; 

C x 0.15 by mouth; 

9 x 0.15 by mouth; 

8 x 0.15 by mouth; 

10 x 0.15 by mouth; 

0.02G9 

0.0167 

(0.0260) 

(0.0223) 

(0.0270) 

7.9 

1 

2040 

40 

55,8 

III 

Sterile 

4' 

1 x 0.45 + 7 x 0.15; 

10 x 0.15 thereafter 

0.0268 

9.45 


6S 

61 

III 

! 

i 

Sterile 

2 

1 x 0.45 + 7 x 0.15; 

10 x 0.15 thereafter 

0.0270 

0.0245 

7.65 


34 

52.8 

I 

III 

Sterile 

2 

3 x 0.45; 1 x 0.45 + 

7 x 0.15; 2 (9 X 0.15); 
10 x 0.15 thereafter 

0.0255 

0.0284 

9.9 

2499 

5S 

80.4 

III 

Sterile 

4 

10 x 6.15 

0.01S6 

6.0 

2508 

55 

74.4 

IV 

Sterile 

4 

1 x 0.45 + 7 x 0.15; 

10 X 0.15 thereafter 

0.0201 

4.5 

2009 

34 

05.4 

IV 

Positive | 

i 

5 

3 x 0.5; 1 x 0.45 4- 
7 X 0.15; 10 x 0.15 
thereafter 

0.0229 

3.C 

2034 

42 

70.3 

IV 
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to Group III, which shows a mortality greater than 50 per cent.,, and in 
which the disease generallyruns a more severe course than in the case 
of infection with strains of the other groups. 

Even if the drug is not capable of destroying all the pneumococci 
in the infected area when present in the blood in a concentration suffi- 
cient to produce bactericidal action in the serum in vitro, nevertheless, 
if it can prevent a spread of the disease process to uninfected areas and 
prevent the establishment of septicemia or metastatic complications, its 
use may be. helpful; for experience seems to indicate that the occur- 
rence of involvement of hitherto uninfected areas constitutes a source 
of danger to the patient. 

The simultaneous use of optochin and antipneumococcus serum in 
the specific treatment of lobar pneumonia would seem to offer con- 
siderable hope. Until recently the treatment of lobar pneumonia with 
specific antiserums has not been attended with striking results; this 
has probably been due, in part, to the failure to recognize the extent 
and significance of the immunologic differences existing among the 
pneumococci. Through the recognition of these differences it has 
become apparent that, in order to achieve any positive results in the 
treatment of lobar pneumonia with antiserums, a serum corresponding 
to the particular group to which the infecting pneumococcus belongs 
must be employed. Recently Cole 32 has reported encouraging results 
obtained in a series of cases of lobar pneumonia due to infection with 
strains belonging to one of the immunologic groups (Group I) through 
the use of intravenous injections of the corresponding antiserum. In 
seventy-two consecutive patients thus treated the mortality was 8.3 per 
cent., whereas the death rate among untreated patients in this group 
is 25 per cent., so that specific serum therapy has undoubtedly suc- 
ceeded in considerably lowering the death rate in at least one group of 
cases of lobar pneumonia. The use of antipneumococcus serum in 
Group II has, by itself, proved disappointing up to the present in the 
treatment of lobar pneumonia. Antipneumococcus serum has definite 
specific protective power against infection with a strain of the corre- 
sponding group in mice, and one of us (M.), 3C has shown that the 
protective value of the antiserum to Group II may be increased con- 
siderably if the animals receiver small dose of optochin simultaneously 
with the serum. This fact would seem to suggest that, in the specific 
treatment of lobar pneumonia, perhaps even more favorable results 
may be expected from the simultaneous employment of optochin and 
the type homologous antipneumococcus serum, than by the use of 
either of these .remedies separately. 

On the basis of the evidence presented in this communication the 


36. Moore, Henry F.: Jour. Exper. Med., 1915, 22, 389. 
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4. As judged from the present series of thirty-two cases, when 
oplochin hydrochlorid is given by mouth to patients suffering from 
acute lobar pneumonia in such amounts that they receive at least 
0.024 gm. per kilogram of body weight per. twenty-four hours, and 
when the size and spacing of the individual doses are adequately 
regulated (see Dosage C, p. 627), a specific pneumococcidal action 
appears in their blood within a few hours, and it can be maintained 
more or less constant for several days. 

5. In order to maintain the bactericidal action in the blood at a 
constant level the intervals between the individual doses given by 
mouth should not. ordinarily exceed about two and one-half to three 
hours (see Dosage C, p. 627 ). 

6. When optochin is given by mouth according to such a scheme 
of dosage as outlined, the evidence points to some retention or accumu- 
lation in the blood of part of the drug absorbed. 

7 . Administration of optochin hydrochlorid by mouth appears to 
be more satisfactory than intramuscular administration. Further study 
of intramuscular administration appears to be desirable. 

8. Pneumococci, not only in vitro, but also in the human body in 
patients treated with optochin, may acquire the property of more or 
less complete resistance or “fastness” to the drug. 

9. 'Toxic symptoms, such as tinnitus, deafness, amblyopia or amau- 
rosis (retinitis) may be observed in the use of the drug in man; they 
are generally transient. Retinitis, however, may result in more or less 
permanent impairment of vision. 
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desired relationship between the amount of the drug and the body 
weight, more than 1.5 gm. must be given per twenty-four hours. Thus, 
a patient of 80 kg. would receive a total quantity of 1.9 gm. per twenty- 
four hours. Whether this comparatively large dose is safe or not, we 
cannot say. The possibility of untoward effects should always be 
remembered not only when such larger total daily doses are used in 
larger patients, but also in the case of small or average sized persons, 
even though the body-weight relationship be maintained. In the use of 
the drug impairment of vision should be carefully looked for and the 
drug should be discontinued, or at least reduced in amount, on its 
appearance. Daily ophthalmoscopic' examinations might be advan- 
tageous. 

Experiments in vitro have shown that the pneumococcidal action 
of optochin is manifest in very high dilution, and that the concentration 
required for the production of bactericidal action is not much greater 
than that which produces inhibition of growth. If an average sized 
individual, say of 60 kg., receive 1.5 gm. of optochin, and a large indi- 
vidual, say of 80 kg., receive the same dose per twenty-four hours, the 
former would get 0.007 gm. of the drug per kilogram of body weight 
per twenty-four hours more than the latter, an amount which we 
should, from our experience of the drug in vitro, expect to be sufficient 
to replace mere inhibition by actual bactericidal action in the serum. 

The present study comprises too few cases to permit of final deci- 
sion regarding the optimum dosage of the drug- or its value in the treat- 
• ment of lobar pneumonia ; these points can only be ascertained when a 
much larger series of cases is available for analysis. 

CONCLUSIONS 

1. Variations in the concentration of ethylhydrocuprein (optochin) 
hydrochlorid in normal horse serum are evidenced by corresponding 
variations in the degree of inhibitory and bactericidal power on pneu- 
mococci, when the drug is allowed to act on these micro-organisms in 
the test tube at 37 C. ; the degree of the specific inhibitory or bacteri- 
cidal power of optochin-containing serum gives an- indication of the 
concentration of optochin present. 

2. The members of a four-hour bouillon culture of pneumococcus 
are more resistant to the action of optochin than those of a twenty-hour 
culture (37 C.). 

3. The use of “young” (four to six hours at 37 C.), actively grow- 
ing bouillon cultures of pneumococci in bactericidal tests, affords a 
more delicate index of the differences in the degree of inhibitory or 
bactericidal action of different concentrations of optochin than does 
the use of older (twenty hours at 37 C.) cultures. 
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was made to pick out men who would cooperate in the experimental 
procedure. Most of them were delighted with the change of food and 

ward "XT "' ere ^ fr ° m ** ‘° 

ward All the experiments were made in the morning, the men being 

p aced m the calorimeter with no breakfast except a cup of “caffein- 

f ree coffee. The old men were about as quiet as the younger controls 

with the exception of one whose test had to be repeated. 


CASE HISTORIES 

Case 1.-— History.— Andrew O’C., 77 years old, formerly a car driver, now 
an inmate of City Home. As a young man he served in the army at the 
outbreak of the Civil War. He says that he has never been sick, except two 
years ago, when he was in the hospital for two months with fever. The hair 
m the axillae has always been scant and he has never had any hair on his 
thorax. During most of his life he drank about a pint of whisky a day but 
has had none for six months. He has had no libido for seven or eight years. 
Recently he has been spending his winters in the City Home and his sum- 
mers at work. He feels perfectly well and gives no symptoms except frequency 
of urination at night. 



Fig, i. — Curve showing the level of metabolism at different ages. Results 
are expressed in terms of calories per hour per square meter of surface area 
(Linear and Height-Weight Formulas). In accordance with the findings in 
the present series, the line is somewhat higher in old age than in the curves 
published in previous papers. 


Physical Examination.— A well nourished man, with white hair and slightly 
wrinkled skin, who looks about 65 years old. No arcus senilis. Heart sounds, 
are of good quality, with an occasional premature systole. There is a faint 
blowing systolic murmur at the apex. Blood pressure: 235 mm. systolic; 
100 mm. diastolic. The pubic hair is scant and of feminine type, bemta ia 


’The man was of active disposition and spent most of his time walking about 
e ward. He was the least senile of the group. 

Tasf 2 —History Henry L„ 78 years old, formerly a baker, now an inmate 

Otv Home Six years ago he broke his leg and was in the hospital five 
He passes\,)L twice a. night. He has nsed alcohol spanng.,, bet 

s taken a great deal of snuff. , . r,, ee 

Physical E.raMcn.- Well nourish. sd skin emp & 
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ias been failing, particularly for recent events. He has been a heavy smoker 
and when young was moderately alcoholic. At present he has marked'nocturia 
He kept at his clerical work until July, 1915. . 

P h'vcal Examination —Well preserved old man, skin only slightly wrinkled 
moderate flabbiness of flesh, slight tremor of hands, gait shuffling. The right 
eye shows a cataract. The heart is slightly enlarged, with an occasional pre- 
mature s Y s tole. There is a faint systolic murmur at the apex and a rough 
diastolic murmur. Radials are faintly palpable. The lungs are emphysematous. 
Blood pressure: S 3 r stolic, 180 mm.; diastolic, 100 mm. Temperature normal • 
pulse, 55 to 75. 

This patient was becoming senile rather rapidly. At the time of the 
calorimeter observation he was fairly active and spent some< of his time 
walking about the ward. A month or so later he was almost blind, failing 
mentally and glad to stay in his chair all day. 

DISCUSSION OF RESULTS 

The calorimeter findings on the group of old men can be compared 
directly with the findings on Boy Scouts and normal adults between 
the ages of 20 and 47 . The experimental methods used with all of 
these subjects were the same in almost all particulars. - There was, 
however, one difference between the groups which could not be avoided. 
The younger subjects were active men on liberal diets, and almost all 
of them came to the calorimeter room from their homes on the morn- 
ings of the experiments. The old men were beyond the working age, 
they had been on rather meager fare, and they were all kept in the 
metabolism ward for several days before the tests jvere made. All of 
these factors tend to decrease the total metabolism in the same manner 
in which cage life affects a dog. 2 Still they are part -and parcel of old 
age. It would be difficult to find hard working men of SO on large 
diets, or normal men in the prime of life leading the existence of ' 
octogenarians. 

If we look at the results of the calorimeter experiments we are 
struck by their uniformity in five of the observations. The first expeii- 
ment on Henry L. is published for the sake of completeness, but it 
cannot be considered a test of the basal metabolism. The old man was 
stupid and did not understand the instructions to stay quiet. He, 
turned frequently from side to side and inhaled snuff which he ha 
smuggled into the calorimeter. This made him cough and sneeze. Hie 
second time he was in the calorimeter he was quiet and the observation 
was very satisfactory. It will be noted that the meta o ism o 
Charles W. was unusually low. This may be accounted for by the fac 
that he was much more senile than the others. While this finding is 

2. Lusk, G.: Animal Calorimetry, Paper 11, Jour. Biol. Chem., 1915 20, 565, 
and Allen and DuBois: Clinical Calorimetry, Paper 17, The Akchues 
Med., 1916. 17 , 1056. 
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The question of the basal metabolism at various ages has been dis- 
cussed in Paper 12 of this series, and the references to the literature 
have already been published. It was apparent that our knowledge of 
the energy exchanges in old age depended almost entirely on the care- 
ful work of Magnus-Levy and Falk 1 who studied five old men and 
seven old women. These results were used by us in drawing the curves 
which indicated the average level of metabolism at various ages, but it 
was apparent that after the age of 43 the points on the chart were 
scanty. This present work is an attempt to fill in the gap. 

An effort was made to find men 90 to 100 years old, but it was 
impossible to obtain suitable subjects. The age limits were then 
reduced to between 75 and 85 years, and, after much labor, six men 
were obtained who fulfilled the requirements. They were either inmates 
of the New York City Home for Aged and Infirm on Blackwell’s Island, 
or men from other institutions about to be transferred to this home! 
They were all in good condition and fairly well nourished, though on 
plain and somewhat scanty diets. Considering their ages, they were in 
good health, though most of - them suffered from arteriosclerosis, 
chronic interstitial nephritis and emphysema, which “normally” accom- 
pany advanced years. They were about as active as most persons of 
their time of life, none of them being engaged in regular work. 

The men were selected by one of the writers from the somewhat 
limited number over 75 years of age who were in the City Home or 
Municipal Lodging House. Only those in fair health, with clear and 
apparently reliable histories as to their ages, were chosen, and an effort 


* Submitted for publication Dec. 19, 1916. 

^Clinical Calorimetry, Eighteenth Paper, The Number of Places of Sienifi- 
r a ". Mgures “ the Data of Metabolism Experiments, by Gephart, Du Boland 
usk was published m the Journal of Biological Chemistry, 1916, 27 , 217 

mJSiwEMSE hSSS 0 ' Path0l0gy> ” affilia,i ° n Wilh the Second 
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f he . r ^ Cd a * the a Se of 93. The patient himself has always been rather 
weak phys^aHy Over twenty-five years ago he had malaria and yellow fever 
winch caused deafness m the right ear. Ten years ago he discovered S 
Ins right eye was almost blind. For the last two or three years hi memory 
has been failing, particularly for recent events. -He has been a heavy smoker 
and when young was moderately alcoholic. At present he has marked nocturia 
He kept at lus clerical work until July, 1915. 

mn ?!l yS ' Ca l ?£ amn 0 ti ?a ~\ We S P reserved oId man - skin only slightly wrinkled, 
moderate flabbiness of flesh, slight tremor of hands, gait shuffling. The right 

eye shows a cataract. The heart is slightly enlarged, with an occasional pre- 
mature systole. There is a faint systolic murmur at the apex and a rough 
diastolic murmur. Radials are faintly palpable. The lungs are emphysematous. 
Blood pressure: systolic, 180 mm.; diastolic, 100 mm. Temperature normal- 
pulse, 55 to 75. 

This patient was becoming senile rather rapidly. At the time of the 
calorimeter observation he was fairly active and spent some* of his time 
walking about the ward. A month or so later he was almost blind, failing 
mentally and glad to stay in his chair all day. 

DISCUSSION OF RESULTS 

The calorimeter findings on the group of old men can be compared 
directly with the findings on Boy Scouts and normal adults between 
the ages of 20 and 47. The experimental methods use.d with all of 
these subjects were the same in almost all particulars.- There was, 
however, one difference between the groups which could not be avoided. 
The younger subjects were active men on liberal diets, and almost all 
of them came to the calorimeter room from their homes on the morn- 
ings of the experiments. The old men were beyond the working age, 
they had been on rather meager fare, and they were all kept in the 
metabolism ward for several days before the tests were made. All of 
these factors tend to decrease the total metabolism in the same manner 
in which cage life affects a dog. 2 Still they are part -and parcel of old 
age. It would be difficult to find hard working men of SO on large 
diets, or normal men in the prime of life leading the existence of 
octogenarians. 

If we look at the results of the calorimeter experiments we are 
struck by their uniformity in five of the observations. The first experi- 
ment on Henry L. is published for the sake of completeness, but it 
cannot be considered a test of the basal metabolism. The old man was 
stupid and did not understand the instructions to stay quiet. He. 
turned frequently from side to side and inhaled snuff which he ha 
smuggled into the calorimeter. This made him cough and sneeze. 1 ie 
second time he was in the calorimeter he was quiet and the observation 
was very satisfactory. It will be noted that the metabolism of 

Charles W. was unusually low. This may be a cc0 « nte f ? or , b J * C . pf 
that he was much more senile than the others. While this finding 

2. Lusk, G.: Animal Calorimetry, Paper 11, Jour - Biol. ^.,1915 20 565 
and Allen and DuBois: Clinical Calonmetry, Paper 17, The Akchhes 
Med., 1916. 17 » 1056. 



825 


AUB-DV BOIS— METABOLISM OF OLD MEN 

13 cm from the median line. There are a few premature systoles , no mur- 
murs. The radial walls are not palpable. Blood pressure: 155 mm. systolic, 

80 mm. diastolic. . . . , 

His disposition was quiet and he spent most of his time in the hospital 
sitting in a chair. The first time he was in the calorimeter, March 13, he 
did not understand the instructions and was very restless, taking snuff, coughing, 
sneezing and moving about. The second time he was in the calorimeter, 
March 18, he was quiet and the observation was satisfactory. 

Case 3.— History .— Charles H., 79 years old, formerly a cigar maker, now 
in City Home. Ten brothers and sisters lived to be over 70 years of age. 
Two years ago he had pneumonia. He passes urine two or three times at 
night. He has been a moderate drinker of beer and a heavy smoker. No 
libido for the past five years. He feels perfectly well except for a slight cough 
in the morning. 

Physical Examination . — Rather thin, skin flabby and much wrinkled ; well 
preserved for his age. Thorax deep; breath sounds .emphysematous. Left 
border of cardiac dulness 15 cm. from median line. Blood pressure : 210 mm., 
systolic; 100 mm. diastolic. Urine contains trace of albumin. 

His disposition was active and restless and he spent most of his time 
standing about the ward or working. 



Fig. 2. — Part of Figure 1 with dots representing the findings in the old 
men of this series. 


Case 4. — History . — Charles W., 80 years old, formerly a waiter, for the last 
year and a half an inmate of City Home. Two years ago his arm was injured 
in an accident. He was formerly very alcoholic. Fifty-five years ago he had 
lues. No libido for seven years. 

Physical Examination . — Well nourished, skin wrinkled, left border of cardiac 
dulness 14 cm. to left of median line. At the apex there is a faint systolic 
murmur. Blood pressure: 180 mm. systolic; 80 mm. diastolic. Breath sounds 
are emphysematous, with coarse rales at the bases. The urine is normal. 
Wassermann reaction negative. 

This, was the most senile of the group. All day long he sat motionless in 
his chair, taking but little interest in his surroundings. 

Case 5. History . — William C., 83 years old, formerly a newspaper writer 
now waiting to be admitted to the City Home. He has had no alcohol for 
the last forty years, but has smoked excessively. His health has always been, 
good. One week ago he developed a slight cough. 

Physical Examination . — Well nourished, skin wrinkled, hair white. Heart 
normal except for occasional premature systoles. The breath sounds are 
emphysematous. His disposition is cheerful and he is fairly active. The urine 
contained 49 gm. glucose on a carbohydrate intake of 190 gm. daily. He had 
no acidosis. 


Case. 6. -History-] dim B„ 83 years old, formerly a storekeeper, 
waiting in Bellevue- Hospital until he can find a place in a home for the 


now 

aged. 
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THE ARCHIVES OF INTERNAL MEDICINE 

importance in showing the great depression in metabolism which may 
occur m old age, we are not justified in using it to obtain the average 
figure which represents the heat production of men of his a^e The 
average for the other five men was 35.1 calories per square meter per 
hour, and the average deviation from this mean was a little over 1 per 
cent. . When we take the group of fifteen younger men studied in the 
calorimeter, we find an average deviation from the mean of about 
3 per cent. The results on Charles W. show a deviation of 21 per cent, 
from the average of the other old men. He is therefore excluded from ' 
the averages as the result of the rule which debars an observation in 
which the deviation from the mean is greater than four times the 
average deviation. 

TABLE 3. — Old Men. Summary 


Case Number 
and Kamo 

■Age, 

Yrs. 

| 

Weight, 

Kg. 

Height, 

Cm. 

Signs 

of 

Sen- 

ility 

Surface 
Aren 
(Lin.) 
Sq. SI. 

Total Calories 
in 2 Hours 

On], per Hour 

Per 
Cent, 
from 
Adult, 
AV. 39.7 

Av. 

R. Q. 

Per 

Kg. 

Per 
Sq. M. 

Indirect 

Direct 

ft 

Andrew O'C. 

77 

60.7 

171 

4* 

1.87 

133.3 

143.4 

0.902 

35.6 

—10 

0.81 

Henry L 

78 

67.0 

167 

++ 

1.85 

154.0 

,,150.5 

1.13 

(41.6)* 

(+ 5)* 

0.78 

Henry L 

•• 

6S.0 

... 

.... 

1.85 

130.7 

126.1 

0.940 

35.3 

—11 

0.86 

S. Ohnfles H. . . 

70 

52.0 

163 

+ 

1.66 

118.0 

114.6 

1.12 

35.6 

—10 

0.80 

4. Charles W. .. 

SO 

69.1 

164 

4+4* 

1.82 

101.7 

105.3 

0.736 

27.9f 

-301 

0.82 

5. Wflllnm 0. . . 

S3 

62.9 

163 

++ 

1.73 

118.8 

121.2 

0.944 

34.3 

—14 

0.S6 

C. John B 

S3 

50.5 

15S 

+++ 

1.48 

103.3 

9S.2 

1.02 

34.9 

—12 

0.77 

Total or aver. 


.... 




859.8 

859.3 


35.1 

.... 

0.81 


* Excluded from averages on account of restlessness, 
t Excluded from averages on account of unusually low metabolism. 


The average heat production of the five men between the ages of 77 
and 83 was 35.1 calories per square meter per hour, which is about 
12 per cent, below the average for men between the ages of 20 and 50. 
This depression in old age is about 7 per cent, less than had been 
assumed by one of us in a curve based on results obtained by other 
investigators. 3 As one might expect, the depression of metabolism is 
somewhat proportional to the degree of senility. 

The respiratory quotients lie between the figures 77 and 86, the 
average being 81. The method of direct calorimetry gives a total of 
859.3 calories for the seven experiments, which is within 0.1 per cent, 
of the total obtained by the independent method of indirect calorimetry 
(859.8 calories). This agreement is unusually close for two- our 

experiments. . ■ 

3. Du Bois, E. F.: The Respiration Calorimeter in Clinical Medicine, Am. 
Jour. Med. Sc., 1916, 151 , 781. 


— Calorimeter Experiments 


Direct 

Calo- 

rimetry, 

Cal. 

Rectal 

Temp., 

0. 

Aver- 

age 

Pulse 

Work- 

Adder, 

Cm. 

Non- 
protein 
R. Q. 

Per Cent. 
Calories from 

Calories 
per Hour 

Remarks 

Pro- 

tein 

Pat ' 

Carbo- 

hyd. 

Per 

Kg. 

Per 

Sq. M. 
(Kin.) 


37.2 

« • • • 






• • •• 

.... 

Basal; in bed 

69.0 

37.1 

! 61 

14 





.... 

.... 

Very quiet 

74.4 

36.9 

59 

11 





.... 

’ .... 

Very quiet 



.... 



22 

50 

28 

0.95 

35.6 



37.2 

69 








In bed; 18 hours 
after food 

. 70.1 

37.1 

69 

34 

0.81 






Restless, coughing 

S0.4 

37.2 

66 

34 

0.75 

10 

68 

, 22 

1.13 

41.6 

Restless, coughing 
(observation not 
included in av- 
erages) 


37.1 

74 






.... 

.... 

Basal; in bed 

56.7 

36.9 

mm 

7 





.... 

.... 

Very quiet 

69.4 

36.9 

1 

30 





. ... 

.... 

Quiet 



.... 



12 

39 

49 

0.95 

35.5 



37.4 

.... 






. ... 

.... 

Basal; in bed 

42.7 

37.3 

72 

16 

0.81 




.... 

.... 

Very quiet; 50 
min. period 

72.0 

37.4 

74 

47 

0.80 

11 

60 

29 

1.12 

* 

35.6 

Pairly quiet; 70 
min. period 


37.0 

.... 



.. 

.. 

.. 

.... 

.... 

Basal; in bed 

49.2 

• 36.8 

55 

4 

0.82 

12 

54 

34 

.... 

.... 

Motionless 

56.1 

36.7 

55 

7 

0.82 

12 

65 

23 

. ... 


Almost motionless 


36.7 

.... 



■ 

•• 

•• 

0.74 

27.9 


55.1 

36.7 

66 

6 


■ 

•• 

•• 

.... 

.... 

Very quiet; dozed 
45 minutes 

66.0 

36.7 

63 

18 



•• 


.... 

.... 

Quiet; awake 



.... 



H 

•• 

•• 

0.94 

34.3 



36.8 

.... 



■ 

•• 

.. 

.... 

.... 

Basal; in bed 

45.7 

36.7 

49 

28— 

0.78 

14 

64 

22 

.... 

. ... 

Pairly quiet 

52.5 

36.7 

51 

33— 

0.75 

14 

74 

12 

.... 

.... 

Restless last 10 
minutes 






" * 

" 

* * 

1.02 

34.9 
















CLINICAL CALORIMETRY 


twentieth paper 


THE EFFECT OF CAFFEIN ON THE HEAT PRODUCTION * 

J. H. MEANS, M.D.,f boston, J. C. AUB, M.D. 

AND 

E. F. Du BOIS, M.D. 

, WITH THE TECHNICAL ASSISTANCE OF G. F. SODERSTROM 


NEW YORK 


Tlie object of this research was to determine the effect of a single 
large dose of caffein on the respirator}' metabolism of normal indi- 
viduals. 

The earliest work on the effect of this drug on the gaseous 
exchange, so far as we have been able to discover, was that of Hoppe 1 
in 1857. He found some increase in the carbon dioxid output after 
taking caffein, but the conditions of his experiments are open to 
criticism. He was followed two years later by Smith 2 who studied in 
a masterly way nearly every aspect of respiration, including the effect 
of tea, coffee, etc. His technic, so far as one can judge from the 
description, was excellent. His apparatus was of the open circuit type, 
the subject breathing through a mask and valves. The inspired air 
went first through a dry meter and the expired air first through a 
Woulff bottle, containing pumice stone saturated with sulphuric acid, 
then through a gutta-percha bok having a series of compartments in 
which the air was exposed, over a large surface, to concentrated potas- 
sium hydrate. Next, it was passed through a second Woulff bottle with 
sulphuric acid, the carbon dioxid was determined by the gain in weight 
of the absorbers, exactly as is done with the modern calorimeter. The 
total ventilation of the lungs, the evaporation of moisture from the 
lungs, the respiration rate and pulse rate were the other factors studied. 
The oxygen, of course, was not obtained. After taking from 50 to 
100 grains of black or green tea leaves, or half an ounce of strong 
coffee, a rise in the carbon dioxid output was invariably found with 


* Submitted for publication Dec. 19, 1916. _ . , , _ , 

* From the Russell Sage Institute of Pathology, in affiliation with the Second 


Medical Division, Bellevue Hospital. . . 

f Henry P. Walcott Fellow in Clinical Medicine, Harvard University. 

1. Hoppe: Ueber die Wirkungen des Coffein, Deutsch .Kim., 1857, 9, 

2. Smith, Edward: Experimental Inquiries Into the Chemical and Othe 
Phenomena of Respiration and Their Modifications by Various Physical Ag 
cies, Philosophical Transactions, London, 1859, otu. 



• TABLE 2. — Old Men. Clinical Data 1 


Oaso Number 
Name and 

Date 

Food 

Food 

N., 

Gm. 

Urine 

N., 

Gm. 

Feres 

Ex- 

Nitro- 

gen 

Bal- 

ance, 

Gm. 

Body 

Wt., 

Kg. 

Urine 

Calo- 

Blood 

Total 

Calo- 

ries 

Car- 

bo- 

hyd., 

Gm. 

Fat, 

Gm. 

N., 

Gm. 

creta 

N., 1 2 

Gm. 

Vol- 

ume, 

O.c. 

ries 

per 

Kg. 

Pres- 

sure 

Case 1 

Andrew O'C. 

5/ 7/1G 

2,354 

223 

125 

10.7 

9.1 

H 

10.1 

+0.6. 

.... 




5/ 8/16 

2,524 

240 

135 

11.2 

9.5 




.... 

1,675 



5/ 9/16 

2,592 

278 

136 

7.2 

9.4 

0.7 


—2.9 


1,420 

37 


5/10/16 

2,443 

277 

130 

4.0 

7.2 

0.4 

7.6 

—3.6 

* 

1,760 

•• 

235-100 

5/11116 

3,043 

445 

12 0 

4.0 

7.2 

0.4 

7.6 

—3.6 


1,630 

29 


5/12/16 

3,043 

436 

125 

4.1 

4.0 

0.4 

4.4 



1,440 

29 


Case 2 

Henry L. 
3/10/16 

2,766 

m 

129 

15.4 

S.8 3 4 5 * 7 

1.5 

10.3 

+5.1 


1.600 3 



3/11/16 

'2,885 

310 

135 

13.9 

8.2 

1.4 

9.5 

• +4.4 

69.1 

760 

42 


3/12/16 

2,824 

304 

129 

15.0 

9.0‘ 

1.5 


.+4.5 

69.1 


41 


3/13/16 


• • . 

... 

. ... 

6.1= 

... 




67.9 


•• 

154-80 

3/14/16 

2,924 

323 j 

131 

14.7 

7.2 

1.5 

8.7 


6S.7 

580 

41 


3/15/16 

3,511 

353 

180 

14.3 

7.5 

1.4 

8.9 

+5.4 

69.1 

650 


* 

3/1G/10 

3,577 

352 

186 

15.6 

10.4 

'1.6 

11.9 

+3.7 

69.6 

9GO 

51 


3/17/16 

3,460 

326 

186 

15.4 

7.1 

1.5 

8.6 

+0.8 

69.5 




3/18/16 




... 

.... 

... 

... 

• ... 


• ... 




153-100 

Case 3 
Charles H. 
5/3/16 

1,954 

184 

101 

10.2 

7.4 

1.0 ■ 

8.4 

+1.8 

52.9 

1,045 


210-100 

5/4/16 

2,299 

218 

121 

11.0 

8.2 

1.1 

9.3 

+1.7 

53.6 


43 


Case 4 
Charles IV. 
5/3/16 

2,008 

220 

92 

9.8 

6.4 

1.0 

7.4 

+2.4 


1,480 



5/4/16 

1,765 

153 

97 

9.1 

7.0 

0.9 

7.9 

+1.2 

69.1 


. . 

180-100 

Case 5 
William 0. 
3/2/16 

1 

1 1,8257 

191° 

82 

11.0 

11.3 




62.9 

1,940" 

29 


Case 6 

John B. 

11/ 4/15 

12/12/15 

1,364 

1,450 

12G 

195 

69 

60 

S 3.4 

0.6 




50.5 

1,230 

27 

Syst. 

180-190 

Diast. 

100 

12/13/16 

j 1,326 

189 

51 

I 

3.2 

4.1 

... 

.... 


51.0 

700 




1. Temperature normal in all cases throughout the experiments. 

o' Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen. 

3. Twenty-three hours fifteen minutes. 

4. Twenty-three hours thirty minutes. 

5. Twenty-three hours thirty minutes. 

G. 48.7 gm. glucose in urine. 

7. Approximately. 

















Cajtein. Da' 


Subject, 




Date, 

_ Weight, 
Surface Area, 
Linear Pormuin 

Period 

End 

of 

Period 

? 

Carbon 

Dioxid, 

Cm. 

Case 1 

. PrMtvn 


1 

(E.F.D.B.) 




4/12/16 

76.5 Kg. 

i 

12:32 

25.4 

1.94 Sq. if. 

2 

l:32 

24.7 

Av. basal 





8 

2:32 

27.8 


4 

8:82 

25.6 

Av. after caffcin' 



E. TP. D. B 

1 

Prelim 



4/26/16 

i ' * 


! 

77.3 Kg. 

1.95 Sq. AT. 

i 

| 12:07 

24.4 


2 

! 1:07 

27.1 


S 

2:07 

25.9 


4 

1 3:07 

25.S 


6 

j 4:07 

j 26.2 

Av. nftcr cnlTein 


j 

i 

Case 2 (J. H. AI.).. 

Prelim. ! 

11:26 

1 

, 4/21/1G 

i 


73.3 Kg. 

1.89 Sq. AI. 

i 

12:26 

l 

j 24.2 

t 


2 

i 1:26 

! 25.1 

Ay. basal : 



j 

j 

3 

2:26 

29.5 

} 

4 

3:26 

28.9 

1 

5 

4:26 

31.5 

Av. after caircin! 





Case 3 (J. O.P.).J 

Prelim. 

11:39 



■1/27/16 

64.3 Kg. 

1 

12:39 

23.6 

1.75 Sq. if. 

2 

1:39 

25.9 

Av. bnsnl 





31 

2:42 

26.3 


4§ 

3:39 

25.S 

I 

5 

4:39 

26.6 

Av. after enffein 



' 

Case 4 (J. 0. A.)... 

Prelim. 

11:10 


4/29/lC 




22.3 

60.2 Kg. 

1.64 Sq. Af. 

1 

12:10 


22.8 

2 

1:10 


Av. basal 





3 

2:10 

25.4 


4 

3:10 

26.4 


5 

4:10 v 

22.6 


Av. after cnfTcin 



Oxygen, 

6m. 

B.Q. 

Water, 

Gm. 

Urine N 
per 
Hour, 
•Gm. 

Indirect 

Calo- 

rimetry, 

Oal. 

22.7 

i 

0.81 

31.5 

0.502 

75.5 

22.7 

0.79 

32.7 

0.502 

75.3 





75.4 

25.7 

0.79 

37.8 

0.688 

81.7 

23.5* 

0.79 

37.1 

0.688 

77.5 

• »«» • 

22.1 

1 

1 

i 0.80 

33.3 

0.536 

73.2 

Lost 

i 

i 

j 34.7 

0.705 

83.5 f 

Lost 

i 

; 35.7 

0.705 

78.9f 

24.6 

0.77 

J 33.8 

0.579 

80.7 

23.7 

0.81 

j 34.9 

0.579 

78.6 




1 * 

» 


80.6 

21.9 

0.80 

32.3. 

| 0.524 

72.8 

23.1 j 

0.79 

34.9 

j 0.624 

76.4 


• 


< 

74.6 

26.5 

, 0 .S 1 

36.1 

0.604 

88.1 

27.3 

0.77 

41.2 

0.604 

89.9 

29.9 

0.77 

42.2 

0.618 

9S.4 


...i. 



92.1 


♦* 




i 

21.2 J 

0.81 

26.8 

0.592 

70.4 

22.7 | 

0.83 

28.6 

0.592 

75.7 

i 




73.1 

24.7 1 

0.78 

36.9 

0.631 

81.1 

22,8 i 

0.82 

41.7 

0.516 | 

76.1 

23.3 

0.83 

34.3 

0.414 

■76.0 






78.4 

19.1 

0.85 

29.6 

0.546 

64.0 

19.2 

0.87 

29.6 

0.546 

64.5 




,,, M 


64.3 

21.9 

0.S4 

32,6 

0.545 

73.4 

24.6 

0.78 

38.4 

0.546 

81.2 

20.2 

0.81 

33.4 

0.546 

‘ CG.9 





t 

73.8 j 


} (53-mi nut© period. 
0 , 79 . § 57-minute period. 


' TABLE 2. — Oi.d Men. Clinical Data 1 


Cnso Number 
Name and 
Date 

1 

Food 


Food 

N., 

Gm. 

Urine 

N., 

Gm. 

Fcecs 

N., 

Gm. 

Ex- 

Nitro- 

gen 

Bal- 

ance, 

Gm. 

Body 

wt., 

Kg. 

Urine 

Calo- 

Blood 

! Total 

1 Calo- 
ries 

Oar- 

ho- 

hyd., 

Gm. 

Fat, 

Gm. 

crcta 

N.,= 

Gm. 

Vol- 

ume, 

O.c. 

rlcs 

per 

Kg. 

Pres- 

sure 

Case 1 

Andrew O’C. 

5/ 7/10 

- 

' 2,S 54 

223 

125 

10.7 

M 

1.1 

10.1 

40.0 


1,100 



5/ S/1G 

2,524 

240 

135 

11.2 

9.5 

1.1 

10.0 

-40.6 

.... 

1,675 



5/ t'/lG 

2,502 

27S 

130 

7.2 

9.4 

0.7 

10.1 

— 2.9 

70.2 

1,420 

37 


5/10/1G 

2,443 

277 

130 

4.0 

7.2 

0.4 

7.0 

—3.0 

.... 

1,700 


235-100 

5/11/10 

3,043 

445 

120 

4.0 

7.2 

0.4 

7.0 

—3.0 

70.2 

1,630 

29 


5/12/1G 

o.OJS 

430 

125 

4.1 

4.0 

0.4 

4.4 

-0.4 

70.1 

1,440 

Of) 


Case 2 
Henry L. 
S/10/ Id 

2.700 

280 

I2i> 

15.4 

£.0 

1.5 

10.3 

-4 5.1 


1,C00 1 * 3 



S/11/1G 

2.S85 

310 

135 

13.9 

8.2 

1.4 

9.5 

•4 4.4 

09.1 

700 

42 


S/12/10 

2,824 

301 

129 

15.0 

9.0 « 

1.5 

10.5 

-4 4.5 

09.1 

1,030* 

41 


S/13/1G 


... 

... 

.... 

G.V- 

... 

.... 


07.9 

1.037 s 

•• 

151 -SO 

3/14/10 

2.COI 

«*.•> 

131 

14.7 

7.2 

1.5 

j*. 7 

•4 0.0 

05.7 

580 

41 


3/15/10 

3,511 

353 

ISO 

14.3 

7.5 

1.4 

>.<» 

-4 5.4 

09.1 

630 

50 


3/10/10 

3,577 

3**2 

150 

15.0 

10.1 

•1.0 

11.9 

4*3.7 

09.6 

KXt 

51 


3/17/10 

3,400 

220 

180 

15.1 

7.1 

1.5 

8.0 

+0.S 

09.5 

60u 

50 
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. . 

153-100 

Case 3 
Charles H. 
5/3/10 

1,051 

1SI 

101 

10.2 

7.4 

1.0 

S.4 

-4-1.8 

52.9 

1,015 


210-100 

5/4/10 

2,2W 

218 

121 

11.0 

8.2 

1.1 

9.3 

-» 1.7 

53.0 

800 

43 


Cnse 4 
Charles W. 
5/3/10 

2,OOS 

220 

92 

9.S 

9.1 

0.4 

1.0 

7.4 

•4-2.4 


1.480 



5/4/10 

1.7G5 

153 

97 

7.0 

0.9 

7.9 

-4-1.2 

69.1 

1,600 

4 . 

180-100 

Case 5 
William C. 
3/2/10 

’ 1,825’ 

301« 

82 

11.0 

11.3 




62.9 

1,940'’ 

29 


Case 0 

John It. 

11/ 4/15 

1,301 

120 

09 

7.9 

0.0 




50.5 

1,220 

27 

Syst. 

180-190 

12/12/15 

1,450 

105 

00 

3.4 








Dlast. 

100 

12/13/10 

1,320 

189 

51 

3.2 

4.1 


.... 



51.0 

700 




1. temperature normal In nil cases throughout the experiments, 

i: lVc^t\”-tUrcQ°Uours n flfto”n C mlmucs .* 110 nltr ° RCn PlUS 10 P ° r CCnt ' ° { f00(1 nUr0K0,K 
A. Twenty-three hours thirty inlnulcs. 

5. Twenty- three hours thirty minutes. 

C. -18.7 gm. glucose In urine. 

7. Approximately. 
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sodium salicylate, given subcutaneously, there was an average rise of 
10.6 per cent, m the metabolism, as measured by indirect calorimetry. 
The maximum of 13.9 per cent, was reached in the first hour. With 
the other subject there was an average rise of 3 per cent, and a maxi- 
mum of 5.7 per cent, after 0.39 gm., given in the same way. 

. • Higgins and Means 5 obtained similar results. In one normal sub- 
ject, after 0.32 gm. of caffein sodium benzoate subcutaneously there 
was an average rise of 13.8 per cent, in the indirect calorimetry. The 
maximum rise of 15.4 per cent, occurred within the first hour. In 
another normal subject, 0.32 gm. of the same drug was given subcu- 
taneously and was followed by an average rise of 4.5 per cent, and a 
maximum of 72 per cent., which occurred during the second hour. 

In neither Edsall and Means’ nor in Higgins and Means’ experi- 
ments was there any consistent change in the respiratory quotient after 
the drug; in other words, the proportion of fat, carbohydrate and pro- 
tein utilized showed no regular deviation from the normal. 


METHODS OF EXPERIMENTS 

Five calorimeter experiments on four normal men were carried out 
in precisely the same way as already described in the preceding papers 
of this series. 0 The surface area of all the subjects was determined 
by the so-called “Linear Formula,” described in Papers 5, 9 apd 1CL 
The calories derived from protein were calculated from specimens 
voided between the hours of 8 a. m. and 5 p. m. 

The caffein was taken in the form of the pure alkaloid dissolved in 
water. A tumbler containing the caffein dissolved in 300 c.c. of water 
at room temperature was placed in the calorimeter when the subject 
entered. After a preliminary period and one or two hours of observa- 
tion of the subject’s normal basal metabolism, he was told to drink the 
mixture and was allowed to follow it with a little pure water. After 
the taking of the drug the observation was continued for three hours, 
except in one experiment, when the third hour was omitted. 

The subjects were studied in the morning hours at complete rest, 
fourteen to eighteen hours after the last meal. They were not allowed 
to take coffee or tea for the twenty-four hours previous to .the test. 

The data of all the experiments are given in the accompanying table. 


DESCRIPTION OF SUBJECTS OF EXPERIMENTS 

Case 1.— E. F. D. B„ man, aged 34, height 178 cm., physician. For history 
see Fourth Paper of this series. Since last year he has been m good health; 
has taken very little exercise since September, 1915. Takes one medmm-sued 

~~5 Higgins, H. L., and Means, J. H.: Effect of Certain Drugs on . the 
Respiration and Gaseous^ Metabolism of Normal Human Subjects, Jour. 

Pharmacol, and Exper. Therap., 1915, 7,1. 70^5 044 - Papers 9 to 17: 

6 Papers 1 to 8: The Archives Int. Med.. 1915, 15, 793-944, Papers v 

Thid.. 1916, Part 2, 17, 855-1059. 
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SUMMARY AND CONCLUSIONS 

A group of six men between the ages of 77 and 83 were studied in 
the calorimeter. Their average basal heat production was 35.1 calories 
per square meter per hour, which is 12 per cent, below the average for 
men between the ages of 20 and 50. The methods of direct and indirect 
calorimetry agreed closely and the respiratory quotients were all within 
normal limits. 

Note.- — At the suggestion of Drs. Means and Boothby, a set of normal stand- 
ards for various ages lias been calculated from the age curve published in this 
paper and Lusk’s "Science of Nutrition,” third edition, 1917. These will be 
used in the Sage publications after the present series, until changes in the 
curve are made by the addition of new data. The figures for females are 
calculated as 7 per cent, below the average for males, more data, however, 
being desirable to establish for the female sex the general validity of this method 
of computation. 


Calories Per Square Meter of Body Surface Per Hour 
(Height-Weight Formula) 


Age, Years 

Males 

Females 

14-16 

46.0 

43.0 

16-18 

43.0 

40.0 

18-20 

41.0 

38.0 

20-30 

39.5 

37.0 

30-40 

39.5 

36.5 

40-50 

38.5 

36.0 

50-60 

37.5 

35.0 

60-70 

36.5 

34.0 

70-80 

35.5 

33.0 
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senes of experiments, together with those in the literature, show that 
an elevation m the basal metabolism is a very frequent action, although 
Us intensity varies considerably in different individuals. In general 
there seems to be a larger rise with larger doses. 

The Respiratory Quotients.- These show no consistent change in 
either direction after the drug had been taken. 


The Methods of Direct and Indirect Calorimetry. — These agree 
closely in the hours following the taking of caffein. The total calories 
as measured by the former method in the hours following the drug 
wereT, 230.3. This is within 1 per cent, of the total of 1,218.0 calories 
as measured by the method of indirect calorimetry. This agreement of 
two absolutely independent methods is unusually close, and it confirms 
the technical accuracy of the findings. The drug had little effect on 


.90R.Q. 


.80 


- _r -a r~ ^\r 



Results shown graphically. Columns represent calories per hour as measured 
by indirect calorimetry. Arrows indicate point at which the caffein was taken. 
• The topmost lines show the respiratory quotients. 


the body temperature and the differences between heat elimination and 
heat production are such as would be found in experiments on normal 
controls. 

The agreement between the methods of direct and indirect calor- 
imetry in the basal hours before the drug was taken is not very close. 
The direct method gives a total of 68 7.6 calories ; the indirect, 647.8 
calories. The method of direct calorimetry is seldom very satisfactory 
in the first hour of an observation, and these one- or two-hour basal 
experiments are not long enough to balance up the inequalities. it i 
longer experiments on normal controls the agreement is within a frac- 
tion of 1 per cent., as has been shown in previous papers. 

The Elimination of Water from Skin and Lungs .- This was 
increased, after taking the caffein, in every experiment Thaws 
greatest in the case of J. C. F., being 36 per cent, and least m the second 
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several normal subjects. A very large number of experiments were 
performed. The rise was anywhere from 15 to 30 per cent, and the 
maximum usually occurred within an hour from the time of taking the 
drug. An increase in the ventilation of the lungs of similar proportion 
was also found. The respiratory rate was sometimes increased, some- 
times decreased. The pulse was usually slightly accelerated. 

The next extensive study of the effect of caffein on the metabolism, 
so far as we are aware, is that of Reichert 3 in 1890., This observer 
worked with dogs, his apparatus being a simple type of water calorim- 
eter. The method of direct calorimetry alone was used. His work 
may be subject to some criticism, for the dogs were tied down and 
occasionally struggled. The results of his normal control experiments 
sometimes differed rather widely, but the faults were remedied to some 
extent by the very large number of experiments made. The caffein was 
given subcutaneously. A basal hour was secured first and the dogs 
were then observed for five hours after receiving the drug. Three 
series of experiments were performed. In the first series the dose was 
0.035 gm. per kg. Five experiments were made. The average increase 
in heat production was 38.6 per cent. Heat elimination was also 
increased, but in relation to production was inconstant. In three 
experiments heat elimination was in excess ; in the other two it was not. 
In the second series, 0.07 gm. per kg. were given. The average increase 
in heat production was 43.{3 per cent. The maximum was reached in 
two experiments during the first hour after administering the drug ; in 
three, during the second hour. In all the experiments of this series, 
heat production was in excess of elimination during the first hour, and 
in three, in excess during the subsequent hour. More heat was elim- 
inated than produced during the remaining hours. In the third series, 
0.105 gm. per kg. was given. (The lethal dose was from 0.15 to 0.20 gm. 
per kg.). In this series there was an average increase in heat produc- 
tion of 71.4 per cent. In all the experiments heat production was in 
excess of elimination in the first hour and in three also in the second 
hour. In summing up, Reichert says, “These results show beyond pos- 
sible doubt that caffein increases heat production, and as a corollary, 
increases destructive tissue metamorphosis.” 

More recently, Edsall and Means 4 reported experiments on the 
effect of caffein on two normal men. In one, after 0.324 gm. of caffein 

3. Reichert, E. T. : Action of Caffein on Tissue Metamorphosis and Heat 

Phenomena, New York Med. Jour., 1890, 51, 456. For a description of his 
apparatus see Heat Phenomena in Normal Animals, University Med Mac 
Philadelphia, 1890, 2, 173, 225, 345. ' 

4. Edsall, D. L., and Means, J. H.: Effect of Strychnin, Caffein, Atropin 
and Camphor on the Respiration and Respiratory Metabolism in Normal Human 
Subjects, The Archives Int. Med., 1914, 14, 897. 
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TWENTY-FIRST PAPER 

THE BASAL METABOLISM OF DWARFS AND LEGLESS 

Men with observations on the specific 

DYNAMIC ACTION OF PROTEIN * 

JOSEPH C. AUB, M.D., and EUGENE F. Du BOIS, M.D. 

WITH THE TECHNICAL ASSISTANCE OF G. F. SODERSTROM 
NEW YORK 

< In order to establish more fully the law that the total body metab- 
olism is proportional to the surface area, it is important to establish 
the law not only for people of normal size and shape, but also for those 
who are deformed. If the body surface be a true index of .the metab- 
olism, and if the bod} r surface be accurately measured, then dwarfs or 
men with their legs cut off would show proportionally the same basal 
metabolism per square meter of surface as do normally shaped indi- 
viduals. But if this relationship holds, is the increase in heat produc- 
tion which follows the ingestion of large quantities of meat the same 
as in persons of normal shape? It was to try to answer these questions 
that this series of dwarfs and legless men were studied in the Sage 
calorimeter at Bellevue Hospital. 


THE BASAL METABOLISM OF MEN OF UNUSUAL SHAPE 

History , — The basal metabolism of normal individuals has been well 
established by the large number of normal controls gathered by Bene- 
dict, Emmes, Roth and Smith; 1 by Means 2 and by Gephart and 
Du Bois. 3 The total metabolism of dwarfs has been investigated in 
one case each by Rubner 4 and by McCrudden and Lusk. 5 

Rubner studied a very small dwarf who was 20 years old and 


* Submitted for publication Dec. 26, 1916. . , , 

* From the Russell Sage Institute of Pathology, in affiliation with the Second 


Medical Division, Bellevue Hospital. . __ .. 

1. Benedict, F. G, Emmes, L. E. f Roth P„ and Smith H. M -j The Basal 
Gaseous Metabolism of Normal Men and Women Jour. Biol Chem., 1914 18 , 139. 

2. Means, J. H.: Basal Metabolism and Body Surface, Jour. Biol. Chem., 

1915, 21 , 263. . The Determinations of the Basal 

Metabo&m of Normal' Men and the iffect of Food. The A«ch.® Int. Mm, 

m 4. Rute a r rt M.: P 'BWo S ische Gesetae, Marbnrg, 1887, p. 10; Beitrage aur 

Ernahrunc i m Knabenalter, Berlin, 1902, p. 45. 

5 McCrudden and Lusk: The Metabolism of a Dwarf, Jour. B.o! Chem., 

1912-1913, 13 , 447. 
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We have followed Rischbieth’s 0 classification of dwarfs, so careful 
description of types will not be discussed here. The differentiation of 
the rachitic, the achondroplastic and the ateliotic (the perfectly pro- 
portioned) types is not difficult with the help of the Roentgen ray. 
However, we have been puzzled in the distinction between the myxede- 
matous and true dwarfism (or ateliotic) types. The skeleton of the 
ateliotic dwarfs has the same characteristics of bone formation as has 
the mild cretin, for the cartilage disks of the long bones (according to 
Rischbieth, and Sternberg 10 ) persist throughout life, and the square 
shaped skull and cretinoid facial appearance may also be present. Both 
have defective sexual development and both may be mentally defective. 
Brissaud 11 classifies myxedema, ateliosis and infantilism in one group 
and Sternberg admits that this is a possible classification. This diffi- 
culty in diagnosis confronted us several times in choosing suitable 
subjects for the investigation. 


CASE HISTORIES 


Case 1. — Raphael De P. (Figs. 1 and 2), achondroplastic dwarf, born in Italy, 
aged 35 ; a kitchen helper ; height 134.7 cm. ; weight 40.9 kg. 

History. — The family history is negative; no other dwarf in the family for 
three generations. Had severe illness when a few months old. Since then 
always well except for chancroid infection twelve years prior to the test. Has 
been married for eight years to a woman of normal size; has two children, 
both of normal size. 

Physical Examination. — An active, cheerful Italian of normal mentality. The 
physical examination is negative save for the extremities.. All the long bones 
seem shortened, with slight outward bowing and proportionally large epiphyses. 
The thighs and upper arms are particularly short. The muscles are powerful. 
Hands are flat and short, fingers are fat and stubby. Urine, negative. Blood 
pressure: systolic 120 mm.; diastolic, 90 mm. 

Case 2. — George F.,* hypopituitarism; myxedema; born in Ireland, aged 48; 
single; a clerk; height 148.8 cm.; weight 53.1 kg. 

History . — The family history is negative. He has always been small in 
stature, though active. For six years he has had occasional attacks of edema, 
particularly about the eyes, feet and hands. For three years he has had slight 
shortness of breath and failing vision. He sleeps a great deal and perspires 
very little. He has had po sexual power for many years. 

Physical Examination— A short, rather fat individual with cretinoid face 
and feminine type of body. The’genitalia are small, the breasts are large. There 
is no hair except on the head and eyebrows, and this is dry and slightly coarse. 


9. Rischbieth, H., and Barrington, A.: Dwarfism, Treasury of Human 

Inheritance, London, 1912, Part VII, Sec. xv A. 

10. Sternberg, M.: Vegetationsstorungen und Systemerkrankungen de 
ICnociien, Wien., 1899; Nothnagel’s specielle Pathologie und Therapie, Vienna, 

19C) li .^Bri^aud', E.: De l’infantilisme myxedemateux, Nuov. iconog.de la 
Salpetriere, 1897, 10 , 240-282. f > 

* This patient was carefully studied by Dr. W. M. Krause, w io P 
the case in the Jour. Nerv. and Ment. Dis., 1917, 45, 193. 
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cup of coffee at breakfast and occasionally tea in the afternoon, or a small cup 
of coffee after dinner. Is kept awake by coffee or tea taken after 1 p. m. 
Tobacco, moderate. Alcohol, occasionally in small amounts. 

Case 2.— J. H. M., man, aged 31, height 177 cm., physician. Measles, mumps, 
scarlet fever and chickenpox in childhood; a bronchopneumonia at 26 and 
paratyphoid at 28; otherwise, has always enjoyed good health. Takes exercise 
only spasmodically, but leads a fairly active life. 

Takes one cup of coffee in the morning about half the time, a small cup of 
coffee after dinner about twice a week, one or two cups of tea in the after- 
noon about four times a week. One demitasse will not keep him awake; a 
large cup of coffee in the evening will. Tobacco, moderate. Alcohol, occa- 
sionally in small amounts. 

Case 3.— J. C. F., man, aged 23, height 178 cm., chemist. Pleurisy and 
pneumonia at 6; scarlet fever at 13; occasional sore throat. In good health 
except for slight nasal obstruction. Exercise: walks three to four miles a day. 

He takes a cup of coffee at each meal and sometimes a cup late at night 
without being kept awake. Tobacco, three to five cigars a day. Alcohol, none. 

Case 4. — J. C. A., man, aged 26, height 175.2 cm., physician. Scarlet fever 
nine years ago; catarrhal jaundice five years ago; in good health since. Leads 
a sedentary life, but always takes some exercise. 

Takes two cups of coffee a day; no tea. Even large quantities of coffee 
in the evening never keep him awake. Tobacco, ten cigarets a day. Alcohpl, 
occasionally in small amounts. 

DISCUSSION OF RESULTS 

The Basal Metabolism After Giving Caffein . — This was increased 
in each experiment. The dose given, 8 to 10 grains, approximately 
8.6 mg. per kg. of body weight, is considerably larger than the usual 
therapeutic dose. In all five experiments there was a rise in the basal 
metabolism (indirect calorimetry). This rise varied from the minimum 
of 11.3 per cent, with J. C. F., to the maximum of 31.6 per cent, with 
J. Ii. M. The highest average rise was that of J. H. M., 23.5 per cent., 
and the lowest that of J. C. F., of 7.4 per cent. In three experiments, 
both those on E. F. D. B. and that on J. C. F., the maximum rise_ 
occurred in the first hour after receiving the drug. In the experiment 
on J. C. A., the maximum rise occurred in the second hour, and that in 
J. H. M. in the third hour. In none of these experiments had the 
metabolism returned to the basal value when the observation was dis- 
continued. The increments in the metabolism obtained in this series of 
experiments are definitely greater than those obtained by Edsall and 
Means and by Higgins and Means when using much smaller doses of 
the drug. The rises in the basal metabolism of the present experiments 
are shown graphically in the accompanying figure. 

As one looks over the enormous literature on the various actions of 
caffein, one gets the impression that the numerous contradictory state- 
ments are not necessarily due entirely to faulty observation, but pos- 
sibly because the action of caffein on any given function is extremely 
variable, often diametrically opposite, in different individuals, and in 
the same individual with varying dosage. Nevertheless, the present 



844 


THE ARCHIVES OF INTERNAL MEDICINE 


Physical Examination.— Negative, save for the extremities. The torso is of 
normal shape and size; the arms and legs very short. The head is large and 
square, with a high forehead and a saddle-shaped nose. The hard palate is 
high Hie extremities are very short, particularly the upper arms and legs 
but the muscular development is good. The feet and hands are almost normal 
size and large for the rest of the extremities. The genitalia are of mature 
development, the body hair is abundant and of normal masculine distribution 
The urine is normal. 

Case 4 . — Patrick W. (Figs. 3, 4, 5 and 6), rachitic dwarf, born in United 
States, aged 38 ; actor ; height 123.8 cm. ; weight 37.3 kg. 



Fig. 3.— Pat W.. rachitic dwarf. 


Patient says he was normal until 3 years old when he became moody and 
his body Lcamc ported. He had walked and talked at he 
has had gonorrhea three times; twelve years prior to the test he baa sypi i , 
followed by very severe nephritis. During this attack : he ' “Jfrfertly well, 

and the abdomen was tapped eight times. Since then he has fel p J 
Physical Examination. -A small, misshapen dwarf with marked curva 

of the' spine and the longer bones. The head appe f * ”^1 Je is marked 
very narrow in the upper portion, with a prominent ster « • * The 

flaring of the lower ribs, with Huntmg on s gr° wJth a slight 

spine shows left lateral curvature in appear normal, 

kyphosis. The legs are very short and markedly bent. The feet appea 
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experiment on E. F. D. B., when it was but 5 per cent. The average 
percentage of calories lost in the vaporization of water during the basal 
hours was 24.1 per cent.; after taking the caffein the average was 
26.3 per cent. The drug affects but slightly the mechanism by which 
the body dissipates heat in response to aii increased heat production. 

Nitrogen Elimination . — The total nitrogen in the urine showed a 
rise after taking caffein in each experiment except that on’J. C. A., 
when the data were not obtained. This rise was greatest in the first 
experiment on E. F. D. B., 37 per cent., and next greatest in the second 
experiment on the same subject, 31 per cent. It was least in the case 
of J. C. F., 6 per cent. J. C. F. likewise had the least rise in basal 
metabolism, but E. F. D. B. did not have the greatest. This increase 
might have been merely the washing out of nitrogenous bodies as a 
result of the caffein diuresis. 

The Pulse Rate . — This showed sometimes a slight rise, sometimes a 
slight fall, or else no change at all -after the subject received the drug. 

SUMMARY 

An increase of from 7 to 23 per cent, in the basal metabolism was 
found in four normal subjects after receiving 8 to 10 grains of caffein 
alkaloid (8.6 mg. per kg. of body weight). After taking the drug there 
was no significant change in the pulse rate, in the respiratory quotient, 
in the proportions of the various foodstuffs metabolized, or in the 
percentage of heat lost in the vaporization of water. The independent 
methods of direct and indirect calorimetry gave results which agreed 
within 1 per cent. 

477 First Avenue. 
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physical examination is not remarkable. Blood pressure: systolic, 95 mm.; 
diastolic 65 mm, * 

Roentgenogram of head shows a slightly enlarged sella turcica. In the 
hand there is some hypo-atrophy of the terminal tufts of the phalanges. The 
epiph) r ses of the radius and ulna are not united. The epiphyseal lines of the 
phalanges are clear. 

Case 6.— Harry J. (Fig. 7, described in Paper 9), a legless man, born in the 
United States, colored, aged 34; beggar. Length is approximately 103 cm., 
weight 54.6 kg. 



, ry (r Hv t train when the patient was 6 3 ears 
History. — Both legs were cut off by at Seven years prior to 

old, and since then be has propelled lnrase f o t | lc right arm 

the' test the right side of He had urethritis 

^^ft^^heSion, possibly with a chancre, though no 

Forehead is normal but right side o ^ umisua lly broad and deep, with 
tongue deviates slightly , to right. le f t shoulder and arm. The 

very powerful muscles m the back ’ " ec -J p 00r i y developed muscles. 

waist is very narrow; federate size but flabby, 

right arm is paralyzed and the muscles are o 
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The 
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weighed but 6.6 kg., and who ‘‘behaved like a fully grown man. His 
observations were not made tinder conditions of complete rest, and so 
are not comparable to our findings. Rubner, however, calculated that 
the metabolism per square meter, using Meeh’s formula, was but 
slightly higher than that of a breast-fed infant of similar weight. 
“The larger metabolism of the dwarf,” he writes, “is explained by his 
greater activity, while the infant is very quiet . . . and neither 

stands nor walks.” This showed, according to Rubner, that metabolism 
was dependent on surface area, not on age. 

McCrudden and Lusk’s case was in a boy of 17 years, 113 cm. tall 
and weighing 21.3 kg. By the height-weight chart his surface area is, 
therefore, 0.8 square meters. He was a patient described by C. A. 
Herter 0 under the diagnosis of intestinal infantilism. This is a con- 
dition in which the arrest of growth is associated with a group of 
symptoms based on chronic intestinal intoxication. It is associated with 
fair mental development, marked abdominal distention, moderate 
anemia, but most strikingly by frequent periods of diarrhea with fatty 
and putrefying stools. No definite history of this patient is given, but 
it is one of the cases used by Herter in the description of the syndrome. 
Practically normal urinary findings on the same case are reported by 
McCrudden. 6 7 The patient was studied in a small calorimete'r in Dr. 
Lusk’s laboratory, and the routine was practically the same as is now 
followed in the Sage calorimeter. The results are, therefore, directly 
comparable to those reported in this paper. Five observations were 
made on the dwarf, but only one was a true basal experiment, while on 
the other occasions he had small amounts of food before entering the 
calorimeter. The one basal observation has been summarized in 
Table 1, and shows a normal metabolism per square meter of surface 
area. 

In this series we wish to report the metabolism of five dwarfs ; two 
of the achondroplastic type, one rachitic and two with involvement of 
the glands of internal secretion. Added to this group are two men who 
had lost both legs. The basal observations in the calorimeter were 
made in the routine way followed in this laboratory, and fully described 
in the third and fourth papers of this series. 8 The subjects had had no 
food for at least fifteen hours, and during the observation remained 
quietly lying on a bed. 

6. Herter, C. A.: On Infantilism from Chronic Intestinal Infection, 1908. 

7. McCrudden: Chemical Studies on Intestinal Infantilism, Jour. Exper. 
Med., 1912, 15 , 107. McCrudden and Fales: Ibid., 1912, 15 , 113. 

8. Gephart, F. C.. and Du Bois, E. F. : The Organization of a Small Metab- 
olism Ward, The Archives Ixt. Med.. 1915, 15, 829. Determination of the 
Basal Metabolism of Normal Men and the Effect of Food, ibid., p. 834. 



848 


THE ARCHIVES OF INTERNAL MEDICINE 


reflexes are exaggerated. The right leg is a very short stump with flabby 
muscles. The left leg is amputated just above the knee and the stump tapers 
sharply from the perineal level. The muscles are small and weak. Blood 
pressure: systolic, 188 mm.; diastolic, 130 mm. 

Urine, negative. Wassermann, negative. 

.Case 7. Robert L. (described in Paper 9), a legless man, born in the 

United States, aged 43; beggar; length about 125 cm.; weight 63.8 kg. 



Fig. 7. — Harry J. 

History.- The patient was ^boiler SSeen^yel^ 

STJ’SB S treatment S ^ 

walks about a mile every day, with crate es. with fat cheeks 

Physical Examination .- A ^avdy bmlt, heathy loo^g The left 

and prominent abdomen. His chest is S * The right leg ts cut off 

thich is cut off just below the level muscles are firm and strong- 

fust below the level of the knee and ^ ^ there a 

Otherwise, the patient appear? , resonance, tactile fremitus, vocal 
heard many dry, crackling «les, thougi 
fremitus and breath sounds are normal. 
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The arms are long, the hands of trident type. There was general edema without 
much pitting on admission, but after a week in the hospital this disappeared, 
leaving a yellowish," dry, much wrinkled skin. Mentally, he is like a well- 
behaved child and is always good-natured. 

Laboratory Findings. — Blood, normal. Urine occasionally showed small 
amounts of albumin and rare granular casts; 4,000 c.c. of water intake daily 
for ten days caused no increase in weight. Phenolsulphonephthalein test, 55 
and 63 per cent, in two hours. Wassermann negative. Glucose sugar tolerance, 



Figure 1 Figure 2 


Fig. 1. — Raphael deP. Achondrodystrophy. The meter stick is opposite the 
spine. 

Fig. 2. — Raphael deP. and a dwarf of ateliotic type. 


more than 400 gm. Roentgenogram of hands showed epiphyseal ends of bones 
to be atrophic. The epiphyseal lines are still visible, particularly the lower ends 
of the radius and ulna. The head shows a markedly enlarged and somewhat 
eroded sella turcica. 


. Case 3 - Samuel G., achondroplastic dwarf, born in Germany, aged 29- 
single ; an actor ; height 123.5 cm. ; weight 34.9 kg. 

History.— The. family history is negative. His arms and legs have always 
been very short for his age. Except for an occasional attack of nausea and 
vomiting he is perfectly well. Mentally, he is slow and defective; sexually 
he is well developed. . 
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DISCUSSION OF RESULTS 

Two of the experiments here recorded were technically unsatis- 
factory and cannot be considered as giving accurate evidence as to the 
level of the basal metabolism. The achondroplastic dwarf, Samuel G., 
was nauseated in the calorimeter and the high figures obtained in his 
brief observation might have been due to the same factor which caused' 
his vomiting. . The legless negro, Harry J., was also restless the first 
time he was in the calorimeter. While he did not move often, his 
deformity and paralysis of the right arm made each movement a great 
exertion. In his second experiment he was quiet and the results were 
satisfactory. 

This leaves good determinations of the basal metabolism of seven 
men of unusual body shape. Five give figures within the normal limits 
when the results are calculated according to the surface area. ■ These 
individuals are the two legless men, Harry J. and Robert L., the rachitic 
dwarf, Patrick W., the achondroplastic dwarf, Raphael de P., and the 
dwarf, J. P., with intestinal infantilism, described by McCrudden and 
Lusk. Two dwarfs give results distinctly, below the normal. These 
are Irwin E. and George F., both of whom had many of the character- 
istics of cretinism, a condition which is always accompanied by a dimi- 
nution in the heat production. 

It therefore seems true that people with abnormal body shape, hut 
with normal glands of internal secretion, have a metabolism which con- 
forms to their surface area. It is therefore possible that the height of 
metabolism may be a method for differentiating the ateliotic and myxe- 
dematous dwarfs. 


THE SPECIFIC DYNAMIC ACTION OF PROTEIN 

Many investigators have studied the increased heat production 
which accompanies the metabolism of protein. The literature has been 
thoroughly reviewed and discussed by Lusk 12 in his book on nutrition, 
so that only the most important references are given here. 

Von Mering and Zuntz 13 believed that the increased metabolism was 
due to intestinal work following ingestion of food. This was disproved, . 
however, by the fact that fat and carbohydrate increase metabolism far 
less than an equal quantity of protein. Rubner 14 and Magnus-Levy 


12. Lusk, G. : The Elements of the Science of Nutrition, Ed. 3 , Philadelphia, 

193 13. Von Mering and Zuntz, N.: In wiefern beeinflusst Nahrungszufuhr die 

thierischen Oxydationsprocesse, PfUiger’s Arch. f.d. ges 

14. Rubner, Max: Die Gesetze des Energieverbrauchs bei Ernahrung, 

LC Ts. i MigSs-Levy, Ad.: Ueber die Grosse des respiratorischen Gas«ctads 
unter dem Einfluss der Nahrungsaufnahme, Pfluger s Arch. f. d. ges. P ys ., 
1894, 55, 1. 
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•The arms are short, but the bones are only slightly curved. The epiphyses of 
all the long bones are large. The genitalia are well developed ; the body hair 
is of masculine type of distribution. 

Laboratory Findings. — Urine was negative; specific gravity, 1.025; albumin, 
negative. Microscopic examination, negative. 

Case 5. — Irwin E., myxedematous dwarf, born in United States, aged 32; 
actor; height 134 cm.; weight 37.4 kg. 

History. — He has always been of small size. At 10 years of age he was 
short anci weighed but 40 pounds. His school work was not very good, as he 
failed four times in grammar school. He passed for high school when he was 



Fig. 4. — Pat W. 


15 years old, and stayed there only one year. He is sexually mature, but inac- 
tive. The hair on his head has always been soft and plentiful. He per- 
spires freely. 

Physical Examination.— He appears like a well developed boy of 14 years. 
The facies suggests cretinism — thick eyebrows, puffy eyelids, broad nose, wide 
maxillae, broad jaw and large, widely spaced teeth. There is a pad of fat 
between the shoulders and a slight degree of adiposity.' The hands are short 
and stubby; the skin slightly dry, but soft and smooth. The genitalia appear 
normally developed, but the secondary characteristics are scant for there is 
no hair on the face, in the axillae or on the body, and the pubic hair is of 
the feminine configuration. The voice is that of male puberty. Otherwise the 
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large protein meal. This consisted in all cases, except that of Louis M. 
of about 660 gm. of thoroughly scraped lean beefsteak, chopped very 
me and cooked only superficially. In each case a sample was analyzed 
for protein and fat. A small amount of stewed tomatoes and “Kaffee 
Hag” were allowed in order to make the food more palatable. Louis M , 
whose observations are taken from the work of Gephart and Du Bois, 1 * 
had been given the same meal with the addition of 100 gm. of fat. 
When the subject had finished eating he was put in the calorimeter, 
and two hours after the start of the meal the observation was begun. 
In several cases the metabolism was also determined for a thirty-minute 
period, starting one and one-half hours after the start of the meal. All 
of the subjects received approximately the same amount of protein 
(24 gm. of nitrogen) and the temperature of the calorimeter was the 
same for all observations, so that the results are directly comparable; 
for Rubner 14 pointed out that a change in temperature has a marked 
effect on the specific dynamic action of protein, and Gigon 10 claimed 
that the dynamic action did not vary directly with the amount of 
protein ingested. 

The urine was collected in hourly periods, when this was possible, 
and each sample was analyzed separately for nitrogen, and in most 
observations for sulphur. In this way the speed of the nitrogen and 
sulphur excretion could be compared with the increase in metabolism 
(Table 2) . The urinary nitrogen was determined by the usual Kjeldahl 
method and the sulphur by Benedict’s method. The amount of protein 
and fat ingeste'd was calculated from analyses of each sample of steak 
used. 

CASE HISTORIES 


Case 8.— S. IC, normal control, born in Japan, aged 33; medical student; 
height 161.5 cm.; weight 49.5 kg. 

The history is entirely negative, except that fifteen years prior to exam- 
ination he had slight symptoms of beriberi, which rapidly disappeared when 
he changed his diet. He exercises a great deal, mostly at jiu jutsu and wrestling. 

The physical examination is negative. He is a Japanese of very marked 
muscular development and good physique. 

Case 9.— -G. T. B., normal control, born in the United States, aged 25; 
medical student; height 164.5 cm., weight 54.4 kg. 

He has always been fairly well, but never athletic or very strong. His hie 
has been a sedentary one, particularly for some months previous to the test, 
during which he has been studying for examinations. 

The physical examination is negative. 

Case 10.— Louis M., w normal control, born in Germany, aged 22 years; 


barber; weight 51.7 kg. 
A short, thin, normal 


individual with small frame and muscles. 


io r v r nnrl Du Bois E F. : Determination of the Basal Metab- 

olism of M;„ a t Meet of Food, GW Ca.ortae.ry, Fourth 

^Gfeoo": ’uebrAta^der Nata„ gS a„f„ata,e auf de„ 

Gaswechsel, Arch. f. Physiol., 1911, 140, 544. 




Surface Calories Variations Divergence Average 

Area, per from Total Calories of Direct Calories 



Quiet experiment, 5/G/lfl. 

Vorty-flve-minute period only. Nauseated. Other observations two hours. 
McOruddcn and Lusk’s case. 
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fed bones to a dog and obtained but slight increase in metabolism in 
spite of the intestinal irritation and activity. Rubner 14 belie'ved that 
this “specific dynamic action” was due to the cleavages and oxidations 
necessary to make the foodstuffs available for use by the body cells. 
The heat given off by these preliminary reactions constituted the waste 
heat of the dynamic action. In the case of protein, part of the heat, 
he thought, was derived from the carbohydrate portion burned, but 
chiefly it arose from the chemical reactions of the remainder of the 
protein molecule, whose end-products appear in the urine, mostly as 
urea. This energy, he thought, was liberated unused by the organism. 
Voit 10 believed that the cells of the body were stimulated to a higher 
metabolism by food being brought to them. Lusk 17 gave amino-acids 
and glucose to normal and phlorbizinized dogs. The metabolism of the 
normal dog was stimulated by both foodstuffs, but the phjorhizinized 
dog had no change in metabolism when glucose was administered and 
totally excreted. However, the amino-acids, glycocol and alanin, though 
unoxidized and excreted with all their energy as sugar and urea, still 
caused an increase of metabolism. The conclusion is clear that it is 
not the energy contents of the amino-acids themselves, for those were 
excreted, but, to quote from the original, “that intermediary products, 
such as glycollic acid or lactic acid, provide the stimulus. These 
experiments afford conclusive proof of a true chemical stimulation of 
protoplasm within the mammalian organism, and offer a logical 
explanation of the specific dynamic action of protein.” 

It was to find out where this chemical stimulation occurred, whether 
in the muscles or in the internal organs, that the following experiments 
were made at the suggestion of Dr. Lusk. Individuals were taken with 
normal torsos, but a marked variation in the size of their extremities. 
If the specific dynamic action of a test protein meal were due to the 
muscle volume or the surface area, then an achondroplastic dwarf and 
legless man should show a proportionally smaller stimulation of metab- 
olism than did the normal controls. If the action were due to one of 
the internal organs, the response of all the subjects tested should be 
approximately the same. 

The subjects chosen were a legless man, an achondroplastic dwarf • 
and three normal controls whose weight closely approximated that of 
the two abnormal cases. The basal metabolism was determined, fol- 
lowing the usual routine technic of this laboratory, fifteen to eighteen 
hours after the last food. Withjn the next week the subject was pre- 
pared as for a basal observation, but in the morning he was given a 

16. Voit, C.: Physiologie des Stoffwechsels und der Ehnahrung, Leipzig, 

1881, p. 308. ' 

17. Lusk, G.: Animal Calorimetry, XI, An Investigation Into the Causes 
of the Specific Dynamic Action of the Foodstuffs, Jour. Biol. Chem., 1915, 20, 555. 
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